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7KLV WKHVLV LV VXEPLWWHG IRU IXOILOPHQW RI WKH 3K' GHJUHH DW WKH 1RUZHJLDQ 8QLYHUVLW\ RI
6FLHQFHDQG7HFKQRORJ\1718,WLVEDVHGRQWKHH[SHULPHQWDOZRUNSHUIRUPHGSDUWO\DWWKH
3DSHUDQG)LEHU5HVHDUFK,QVWLWXWH3),DQGWKH'HSDUWPHQWRI&KHPLFDO(QJLQHHULQJ1718
IURP $XJXVW  WR -DQXDU\  DQG PDLQO\ DW 6,17() 0DWHULDOV DQG &KHPLVWU\ IURP
)HEUXDU\WR-DQXDU\7KHUHVHDUFKZRUNZDVVXSHUYLVHGE\3URIHVVRU\YLQG:HLE\
*UHJHUVHQ 1718 DQG 6HQLRU 6FLHQWLVW 'U )HUGLQDQG 0lQQOH 6,17() 0DWHULDOV DQG
&KHPLVWU\
, UHFHLYHG P\ %6F LQ WKH ILHOG RI 3RO\PHU DQG &RPSRVLWH 0DWHULDOV IURP WKH )DFXOW\ RI
&KHPLFDO7HFKQRORJ\+DQRL8QLYHUVLW\RI7HFKQRORJ\+87LQ-XQH,WKHQFRQWLQXHG
WKH UHVHDUFK LQ VDPH ILHOG LQ+87 LQ  , SXUVXHGPDVWHU GHJUHH LQ ,QGXVWULDO&KHPLVWU\
IURP &KXQJQDP 1DWLRQDO 8QLYHUVLW\ &18 6RXWK .RUHD IURP 0DUFK  WR )HEUXDU\
$IWHUWKDW,ZRUNHGDVUHVHDUFKHUDW,06ODERUDWRU\3RKDQJ8QLYHUVLW\RI6FLHQFHDQG
7HFKQRORJ\3267(&+6RXWK.RUHDIURP0DUFKWR0DUFK
7KLV3K'VWXG\KDVEHHQSHUIRUPHGZLWKLQWKHVFRSHRIWKHMRLQWSURMHFW³)LEHUEDVHGSDFNDJLQJ
PDWHULDOV 'HYHORSPHQW RI LQQRYDWLYH DQG VXVWDLQDEOH EDUULHU FRQFHSWV 6XVWDLQ%DUULHU´
LQLWLDWHGIURP1718DQG3),LQFRRSHUDWLRQZLWK6,17()0DULDQQH/HQHV3),KDVEHHQWKH
SURMHFWPDQDJHU7KLVVWXG\ZDVILQDQFLDOO\VXSSRUWHGE\WKH5HVHDUFK&RXQFLORI1RUZD\DQG
WKH LQGXVWULDOSDUWQHUV'\QHD$6(ORSDN$6)RUHVWLD$6.RUVQlV$%3HWHUVRQ/LQHUERDUG
$6DQG6|GUD&HOO$%LQWKH.0%SURMHFW6XVWDLQ%DUULHU
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)LUVWRIDOO,ZRXOGOLNHWRDFNQRZOHGJHP\VXSHUYLVRUV3URIHVVRU\YLQG:HLE\*UHJHUVHQDW
1RUZHJLDQ 8QLYHUVLW\ RI 6FLHQFH DQG WHFKQRORJ\ 1718 DQG 'U )HUGLQDQG 0lQQOH DW
6,17()0DWHULDOV DQG&KHPLVWU\ IRU WKHLU KHOSIXO VXSHUYLVLRQ DQG JXLGDQFHGXULQJP\3K'
ZRUN
,ZRXOG OLNH WR WKDQN0DULDQQH/HQHV DW WKH3XOS DQG3DSHU5HVHDUFK ,QVWLWXWH 3), IRUKHU
VXSSRUW WKURXJKRXW WKLV ZRUN , DOVR WKDQN /LVEHWK %OHNNDQ 5RHO WKH VHFUHWDU\ RI WKH
'HSDUWPHQWRI&KHPLFDO(QJLQHHULQJ1718IRUKHUKHOS
0\ FROOHDJXHV DW 6,17() 0DWHULDOV DQG &KHPLVWU\ DUH DFNQRZOHGJHG IRU WKHLU JRRG
FRRSHUDWLRQ DQG LQVWUXFWLRQ LQ XVLQJ LQVWUXPHQWV $75)7,5'6&0),1056(0PLQL
H[WUXGHU7SHHOWHVWOLTXLGFRDWLQJDQGRSWLFDOPLFURVFRSH
7KH ILQDQFLDO VXSSRUW IRU WKLVZRUN IURP WKH1RUZHJLDQ5HVHDUFK&RXQFLO DQG WKH LQGXVWULDO
SDUWQHUV '\QHD $6 (ORSDN $6 )RUHVWLD $6 .RUVQlV $% 3HWHUVRQ $6 DQG 6|GUD $% LV
JUHDWO\DFNQRZOHGJHG
0\ ZDUPHVW WKDQNV P\ SDUHQWV IRU WKHLU JUHDW VXSSRUW DQG HQFRXUDJHPHQW WKURXJKRXW P\
VWXGLHVDEURDG
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3RO\KHGUDOROLJRPHULFVLOVHVTXLR[DQHV3266LVDVSHFLDOFODVVRIVLOLFRQFRPSRXQGVZLWKWKH
SRVVLELOLW\ RI DWWDFKLQJ GLIIHUHQW W\SHV RI FKHPLFDO JURXSV WR LWV FHQWUDO FRUH FDJH ZKLFK LV
FRPSRVHG RI VLOLFRQ DQG R[\JHQ 3266 LV LPPHQVHO\ WXQDEOH IURP QRQUHDFWLYH WRPXOWLSOH
UHDFWLYH DQG IURPK\GURSKRELF WR K\GURSKLOLF DQGELRGHJUDGDEOH W\SHV$PRQJ WKHP3266
FRPSRXQGVZLWKIDWW\DFLGPRLHWLHVKDYLQJDELREDVHGFRQWHQWRIPRUHWKDQKDYHEHHQD
WRSLFRIFXUUHQWLQWHUHVW7KHVH3266FRPSRXQGVFDQEHSURGXFHGIURPUHQHZDEOHVRXUFHVDQG
DUHFDOOHGELR3266
7KLVZRUNKDV IRFXVHGRQ WKHXVHRIELR3266DVDGGLWLYHV IRUSRO\HWK\OHQH 3(FRQWDLQLQJ
OD\HU RI IRRG SDFNDJLQJ 3( FRDWHG SDSHUERDUG 7KH ELR3266ZDV DGGHG WR 3( WR LPSURYH
LQWHUOD\HUDGKHVLRQRUXVHGDVDFRDWLQJFRQVWLWXHQWWRLPSURYHZDWHUDQGZDWHUYDSRXUEDUULHU
SURSHUWLHVRISDSHUERDUG7KHUHVXOWVRIWKLVZRUNDUHDFKLHYHGZLWKLQWKHVFRSHRIWKHUHVHDUFK
DQG GHYHORSPHQW SURMHFW FRRSHUDWHG EHWZHHQ WKH 3DSHU DQG )LEHU 5HVHDUFK ,QVWLWXWH 3),
1RUZHJLDQ 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\ 1718 DQG 6,17() 0DWHULDOV DQG
&KHPLVWU\ ³)LEUHEDVHG SDFNDJLQJ PDWHULDOV GHYHORSPHQW RI LQQRYDWLYH DQG VXVWDLQDEOH
EDUULHUFRQFHSWV´6XVWDLQ%DUULHU
,W KDV EHHQ VKRZQ WKDW ZKHQ XVLQJ ELR3266 RFWDHWK\O RFWDGHFD10,13 GLHQRDPLGH
VLOVHVTXLR[DQH DW UDWLR RI  ZW ZLWK SRO\HWK\OHQH 3( WKH DGKHVLRQ RI ELR32663(
FRDWLQJOD\HUWRSDSHUERDUGFDQEHLPSURYHG+RZHYHUDGGLWLRQRIZWRUPRUHELR3266
WR3( OHDG WRDGHFUHDVH LQDGKHVLRQVWUHQJWK7KHPHOW IORZ LQGH[0), WHVW VKRZV WKDW WKH
PHOWIORZSURSHUWLHVRI3(ELR3266EOHQGVZDVVOLJKWO\GHFUHDVHGZLWKLQFUHDVLQJELR3266
FRQWHQWXSWRZWEXWVLJQLILFDQWO\GHFUHDVHGZKHQELR3266FRQWHQWZDVLQFUHDVHGDERYH
ZW+\GUR[\OERQGLQJLQWHUDFWLRQEHWZHHQDPLGHJURXSLQELR3266DQGK\GUR[\OJURXSVDW
WKH SDSHUERDUG VXUIDFH DQG DQ LQFUHDVHG H[WHQW RI PHFKDQLFDO LQWHUORFNLQJ ZHUH SUREDEO\
UHVSRQVLEOH IRU WKH DGKHVLRQ LPSURYHPHQW $75)7,5 DQDO\VLV RI WKH LQWHUDFWLRQ DW WKH
LQWHUIDFHEHWZHHQWKHEOHQGVDQGWKHSDSHUERDUGVKRZHGWKHSUHVHQFHRIDPLGHK\GUR[\OERQGV
%LR3266 RFWDHWK\O HUXFDPLGH VLOVHVTXLR[DQH ZDV FRDWHG RQ D SDSHUERDUG VXEVWUDWH YLD
OLTXLGFRDWLQJXVLQJDEDUFRDWHU7KHZDWHUUHVLVWDQFHDQGWKHZDWHUYDSRXUEDUULHUSURSHUWLHVRI
WKHFRDWHGSDSHUERDUGZHUHLPSURYHG:KHQWKHELR3266FRDWLQJOD\HUZDVGULHGDWR&WKH
ZDWHUUHVLVWDQFHDQGZDWHUYDSRXUEDUULHUSURSHUWLHVZHUHIXUWKHULPSURYHGZKLOH89WUHDWLQJ
 
WKHFRDWLQJ OD\HUKDG OLWWOH HIIHFW'ULHGDQG89 WUHDWHGFRDWLQJVZHUHFKDUDFWHUL]HGE\ VROLG
VWDWHSURWRQQXFOHDUPDJQHWLFUHVRQDQFH+105DQGWKHUHVXOWGHPRQVWUDWHGWKDWQRUHDFWLRQ
RI WKH GRXEOH ERQGV RFFXUUHG LQ WKH ELR3266 FRDWLQJ OD\HU 0XOWLSOH FRDWLQJ FRQVLGHUDEO\
HQKDQFHGWKHZDWHUUHVLVWDQFHDQGZDWHUYDSRXUEDUULHUSURSHUWLHVRIWKHSDSHUERDUGGXHWRDQ
LQFUHDVHLQWKHFRDWLQJWKLFNQHVVDQGDUHGXFWLRQLQQXPEHURISRUHVLQWKHFRDWLQJOD\HU
7KHLQWURGXFWLRQRIIHUULFVWHDUDWH)H6WDWZWDVSURR[LGDQWOHGWRDOLPLWHGR[LGDWLYH
GHJUDGDWLRQRISRO\HWK\OHQH3(>DPLQRXQGHFDQR\ODPLQRSURSDQH@VLOVHVTXLR[DQH
RU DPLQR3266ZDV XVHG DV DQ DFFHOHUDWRU DW GLIIHUHQW FRQFHQWUDWLRQV7KH3(DPLQR3266
)H6WFRPSRXQGVZHUHFRQYHUWHGWRILOPVDPSOHVDQGH[SRVHGWRWKHUPDODJHLQJDWq&LQD
FLUFXODWLRQ RYHQ 7KH VXUIDFH RI WKH DJHG FRPSRXQG ILOPV FRQWDLQV FDUERQ\O JURXSV DV
FKDUDFWHUL]HGE\$75)7,57KHPHOWIORZLQGH[0),WHVWVKRZHGWKDWWKHPHOWIORZRIWKH
WKHUPDOO\ WUHDWHG FRPSRXQGV LQFUHDVHG GXH WR DQ R[LGDWLRQ DQG D FKDLQ VFLVVLRQ 7KH WHQVLOH
\LHOG VWUHQJWK RI WKH FRPSRXQG ILOPV ZDV VOLJKWO\ GHFUHDVHG ZLWK LQFUHDVLQJ DPLQR3266
FRQWHQW DQG WKHUPDO DJLQJ WLPH ZKLOH HORQJDWLRQ DW EUHDN ZDV PRGHUDWHO\ GHFUHDVHG ZKHQ
FRPSDUHGWRUHIHUHQFH3(ILOPFRQWDLQLQJQRSURR[LGDQW:KHQWKHILOPVZHUHODPLQDWHGZLWK
SDSHUERDUG WKH DGKHVLRQ GHFUHDVHG ZLWK LQFUHDVLQJ DPLQR3266 FRQWHQW +RZHYHU WKH
DGKHVLRQ LQFUHDVHGZKHQWKHILOPVZHUH WKHUPDOO\DJHGSULRU WRFRDWLQJ7KH LPSURYHPHQW LQ
DGKHVLRQFDQEHH[SODLQHGDVWKHUHVXOWRIDQLQWHUDFWLRQEHWZHHQ& 2RIWKHFRPSRXQGVDQG
2+RISDSHUERDUGDQGPHFKDQLFDODGKHVLRQDWWKHLQWHUIDFHDVLGHQWLILHGE\$75)7,5WKH&,
DQG WKH0),7KHILOPVDUHQRWEULWWOHDIWHU WKHUPDODJLQJZKLFKPDNHV WKHLUXVH LQ LQGXVWULDO
SDFNDJLQJIHDVLEOH
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7KLVWKHVLVFRQWDLQVDVXPPDU\RIWKHIROORZLQJDSSHQGHGSDSHUV
3DSHU  ³3RO\HWK\OHQHRFWDHWK\O RFWDGHFD10,13 GLHQRDPLGH VLOVHVTXLR[DQH DQG WKH
DGKHVLRQVWUHQJWKWRSDSHUERDUG´
Published in the International Journal of Adhesion and Adhesives S± 

3DSHU  ³(IIHFWV RI K\GURSKRELF SRO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQH FRDWLQJ RQ ZDWHU
YDSRXUEDUULHUDQGZDWHUUHVLVWDQFHSURSHUWLHVRISDSHUERDUG´
Paper has been accepted for publication in the Journal of Sol-Gel Science and Technology 
(JSST), DOI: 10.1007/s10971-013-3208-1. 

3DSHU  ³(IIHFWV RI D SURR[LGDQW DGGLWLYH RQ WKH DGKHVLRQ RI SRO\HWK\OHQHDPLQR
IXQFWLRQDOL]HG3266FRPSRXQGVWRSDSHUERDUG´
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7XDQ$QK1JX\HQ)HUGLQDQG0lQQOH\YLQG:HLE\*UHJHUVHQ
³3RO\HWK\OHQHRFWD HWK\O RFWDGHFD10,13 GLHQRDPLGH VLOVHVTXLR[DQHV DQG WKH DGKHVLRQ WR
SDSHUERDUG´
3RVWHU SUHVHQWHG DW 35th Annual Meeting of the Adhesion Society )HE WK  $VWRU
&URZQ3OD]D1HZ2UOHDQV/RXLVLDQD86$
/LQNKWWSDVRPQLERRNVRQOLQHFRPLQGH[KWPO
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/'3(  /RZGHQVLW\SRO\HWK\OHQH
3266  3RO\KHGUDOROLJRPHULFVLOVHVTXLR[DQHV
%LR32663DSHU2FWDHWK\ORFWDGHFDGLHQRDPLGHVLOVHVTXLR[DQH
%LR32663DSHU2FWDHWK\OHUXFDPLGHVLOVHVTXLR[DQH
$PLQR32663DSHU>DPLQRXQGHFDQR\ODPLQRSURSDQH@VLOVHVTXLR[DQH
)H6W  )HUULFVWHDUDWH
&703  &KHPLWKHUPRPHFKDQLFDOSXOSLQJ

$75)7,5 $WWHQXDWHGWRWDOUHIOHFWDQFH)RXULHUWUDQVIRUPLQIUDUHGVSHFWURVFRS\
6(0  6FDQQLQJHOHFWURQPLFURVFRS\
+105 3URWRQQXFOHDUPDJQHWLFUHVRQDQFHVSHFWURVFRS\
6L105 6LOLFRQPDJQHWLFUHVRQDQFHVSHFWURVFRS\
;36  ;UD\SKRWRQVSHFWURVFRS\

,D,,D,,  3HDNLQWHQVLW\RIDPLGH,,,
7P  0HOWLQJWHPSHUDWXUH
0),  0HOWÀRZLQGH[
&,  &DUERQ\OLQGH[
:75  :DWHUWUDQVPLVVLRQUDWH
:975 :DWHUYDSRXUWUDQVPLVVLRQUDWH
:93  :DWHUYDSRXUSHUPHDELOLW\
ı0  8OWLPDWHWHQVLOHVWUHQJWK
İ%  (ORQJDWLRQDWEUHDN
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,QWURGXFWLRQ
7KH IRRG LQGXVWU\ DOZD\VGHPDQGVSDFNDJLQJPDWHULDOVZLWK LPSURYHGEDUULHU SURSHUWLHV DQG
UHGXFHGZHLJKW DVZHOO DV LPSURYHGHQYLURQPHQWDO SURILOH3URJUHVV LQEDUULHU SURSHUWLHV FDQ
FDXVH LPSURYHG VKHOI OLIH RI IRRG DQG UHGXFHG ORVV RI IRRG LQ WKH FKDLQ IURP SURGXFHU WR
FRQVXPHU &HOOXORVH EDVHGPDWHULDOV VXFK DV SDSHU DQG SDSHUERDUG DUH ZLGHO\ XVHG LQ IRRG
SDFNDJLQJDSSOLFDWLRQVGXHWRLWVDGYDQWDJHVVXFKDVORZFRVWORZZHLJKWJRRGVWLIIQHVVHDV\
SURFHVVLQJ UHQHZDELOLW\DQGUHF\FODELOLW\7ZRRIWKHPRVWFULWLFDO UHTXLUHGFKDUDFWHULVWLFVRI
SDFNDJHV IRU IRRGSDFNDJLQJ LV LWV VWUHQJWK DQG LWV EDUULHU SURSHUWLHV HVSHFLDOO\ DJDLQVWZDWHU
DQGR[\JHQ>@7KHDSSOLFDWLRQRIFRDWLQJLVFRPPRQO\XVHGWRPRGLI\WKHVXUIDFHRISDSHU
IRU LQVWDQFH PLQHUDO SLJPHQWV DUH FRDWHG RQ SDSHU VXUIDFH WR LPSURYH SULQW TXDOLW\ JORVV
EULJKWQHVVDQGRSDFLW\RI WKHSDSHUSURGXFW%DUULHUFRDWLQJSRO\PHUV OLNHSRO\HWK\OHQH 3(
HWK\O YLQ\O DFHWDWH (9$ HWK\O YLQ\O DOFRKRO (92+ SRO\DPLGH 3$ DUH IUHTXHQWO\
ODPLQDWHGZLWKSDSHUWRSURYLGHJRRGZDWHUDQGZDWHUYDSRXUEDUULHU$JRRGDGKHVLRQEHWZHHQ
WKHSRO\PHUFRQWDLQLQJOD\HUVDQGWKHSDSHULQVXFKODPLQDWHVLVDUHTXLUHPHQW+RZHYHUWKH
SRO\PHU FRQWDLQLQJ OD\HU KDV D GLVDGYDQWDJH WKDW LV LWV QRQUHF\FODELOLW\ &RDWLQJV EDVHG RQ
QDWXUDOSRO\PHUVVXFKDVFKLWRVDQZKH\SURWHLQDQGZKHDWJOXWHQKDVEHHQXVHG+RZHYHUXVH
RISDSHUFRDWHGZLWKELRGHJUDGDEOHPDWHULDOLVVWLOOQRWFRPPRQ
,QRUJDQLFRUJDQLFK\EULGSRO\PHUVUHSUHVHQWDQHZNLQGRIPDWHULDOZKLFKKDVWKHSRWHQWLDOWR
JLYH KLJK EDUULHU SURSHUWLHV ZLWK UHVSHFW WR SHUPHDWLRQ UDWHV RI R[\JHQ ZDWHU YDSRXU DQG
YRODWLOHRUJDQLFFRPSRXQGV>@5HFHQWO\WKHUHKDVEHHQPXFKLQWHUHVWLQLQRUJDQLFRUJDQLF
K\EULG PDWHULDOV EDVHG RQ VHYHUDO W\SHV RI SRO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQH 3266
FRPSRXQGV,QIDFW3266LVDVSHFLDOFODVVRIWKUHHGLPHQVLRQDOLQRUJDQLFRUJDQLFK\EULGVZLWK
DPROHFXODUVWUXFWXUHFRPSRVHGRIDQLQRUJDQLFVLOLFDFRUHFDJHDQGRUJDQLFJURXSVVXUURXQGLQJ
WKHFRUHFDJH7KHFRPELQDWLRQRI3266DQGRUJDQLFSRO\PHUVPD\FUHDWHQRYHOPDWHULDOVWKDW
H[KLELW SURSHUWLHV LQWHUPHGLDWH DQG VXSHULRU WR WKRVH RI WUDGLWLRQDO SRO\PHUV DQG LQRUJDQLF
PDWHULDOV)XUWKHUPRUHWKHRUJDQLFJURXSVRI3266FDQEHIXUWKHUPRGLILHGWRREWDLQWDLORUHG
SURSHUWLHV7KHXVHRI3266FRPSRXQGVDVSULPDU\FRDWLQJFRPSRQHQWVRUDVFRDWLQJDGGLWLYHV
LVEHOLHYHGWRLQFUHDVHWKHHQYLURQPHQWDOIULHQGOLQHVVDQGWKHUHF\FODELOLW\RIQHZILEUHEDVHG
SDFNDJLQJVROXWLRQV
 
7KHVFRSHRIWKLVVWXG\
$SULQFLSDOJRDO RI WKHSURMHFW ³)LEUHEDVHGSDFNDJLQJPDWHULDOV'HYHORSPHQWRI LQQRYDWLYH
DQGVXVWDLQDEOHEDUULHUFRQFHSWV´6XVWDLQ%DUULHU%,$LVWRGHYHORSDQGXWLOLVH ZRRGILEUH
EDVHGFHOOXORVHVWUXFWXUHVDQG LQRUJDQLFRUJDQLFK\EULGSRO\PHUV LQQHZLQQRYDWLYH LQGXVWULDO
DSSOLFDWLRQV 7KHUHIRUH WKH REMHFWLYH RI WKLV 3K' ZRUN ZDV WR H[DPLQH WKH SRVVLELOLW\ RI
FRPELQLQJSRO\KHGUDOROLJRPHULFVLOVHVTXLR[DQHV3266ZLWKWKHSRO\PHUFRQWDLQLQJFRDWLQJ
OD\HURUXVLQJ3266FRPSRXQGVDVFRDWLQJPDWHULDOV7KHDGKHVLRQFRQFHSWVWKHFKHPLFDODQG
SK\VLFDO LQWHUDFWLRQJLYLQJDGKHVLRQEHWZHHQFRDWLQJFRQVWLWXHQWVDQGSDSHUERDUGDQGEDUULHU
SURSHUWLHVZHUHVWXGLHG
2XWOLQHRIWKHWKHVLV
7KLVWKHVLVFRQWDLQVDUHYLHZRIWKHUHVXOWVIURPWKHSDSHUDQGLVFRPSRVHGRIILYHFKDSWHUV
DVIROORZV
&KDSWHUFRQWDLQVWKHLQWURGXFWLRQDQGWKHVFRSHRIWKLVVWXG\
&KDSWHU  JLYHV DQ RYHUYLHZ RQ SRO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQHV 3266 SURR[LGDQW
FRPSRXQG7KHDGKHVLRQFRQFHSWDQGWKHEDUULHUSURSHUWLHVDUHGLVFXVVHG
&KDSWHUJLYHVDQRXWOLQHRIWKHLQVWUXPHQWDOWHFKQLTXHVDSSOLHGLQWKLVZRUNWRGHWHUPLQHWKH
DGKHVLRQ VWUHQJWK PHFKDQLFDO DQG PHOW IORZ SURSHUWLHV RI SRO\PHUV WKH ILOP PRUSKRORJ\
VXUIDFHFKDUDFWHULVWLFVDQGEDUULHUSURSHUWLHV
&KDSWHUSUHVHQWVDVXPPDU\RIWKUHHDSSHQGHGSDSHUV
&KDSWHULVWKHRYHUDOOGLVFXVVLRQ
&KDSWHUVXPPDUL]HVWKHRYHUDOOFRQFOXVLRQVDQGVXJJHVWLRQIRUIXWXUHZRUNV




 
&KDSWHU
/,7(5$785(29(59,(:
3RO\KHGUDOROLJRPHULFVLOVHVTXLR[DQH3266
2.1.1. Introduction  
3RO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQHV RIWHQ DEEUHYLDWHG DV DQ DFURQ\P3266 LV D FODVV RI
VLOLFRQFRPSRXQGVWKDWKDYHWKHJHQHUDOIRUPXODRI56L2QZKHUHQLVWKHQXPEHURIVLOLFRQ
DWRPVQ RU5FDQEHK\GURJHQRUDQRUJDQLFJURXSKDORJHQVDON\ODONHQ\ODU\O
DU\OHQH RU RWKHU GHULYDWLYHV 7KH 3266 PROHFXOH KDV D VSHFLDO VWUXFWXUH FRPSRVHG RI DQ
LQRUJDQLFFRUHFDJH 6L2QDQGRUJDQLFJURXSVSHULSKHUDOO\DWWDFKHGDWHDFK6LYHUWH[7KLV
FODVV RI VLOLFRQ FRPSRXQGV LV ZHOOGHILQHG KLJKO\ V\PPHWULF PROHFXOHV >@ 7KH WHUP
³SRO\KHGUDO´ RULJLQDWHV IURP LWV FDJHG VWUXFWXUH DQG ³VLOVHVTXLR[DQH´ FDQ EH XQGHUVWRRG DV
IROORZVsil±VLOLFRQsesqui±HDFK6LDWRPLVERXQGWRDQDYHUDJHRIRQHDQGDKDOIR[\JHQane±
6LDWRPERQGVWRRQHK\GURFDUERQJURXS>@








)LJ7\SLFDOVWUXFWXUHVRI73266>@
7KHPRVWFRPPRQW\SHLVWKHRFWDKHGUDOROLJRPHULFVLOVHVTXLR[DQH73266RU3266ZLWKD
PROHFXODU VWUXFWXUH FRQVLVWLQJ RI D VLOLFRQR[\JHQ FXELF FDJH DQG HLJKW RUJDQLF JURXSV
SHULSKHUDOO\ DWWDFKHG WR HLJKW 6L YHUWH[HV VHH )LJ  +HUH WKH V\PERO ³7´ UHIHUV WR
FRQYHQWLRQDO QRPHQFODWXUH IURP VLOLFRQ QXFOHDU PDJQHWLF UHVRQDQFH 6L 105 OLWHUDWXUH
ZKLFKUHSUHVHQWVWKUHHR[\JHQDWRPVERQGHGWRRQHVLOLFRQDWRP
'HSHQGLQJ RQ WKH UHDFWLYLW\ RI WKH RUJDQLF JURXSV 3266 FDQ EH FODVVLILHG LQWR QRQUHDFWLYH
QRQIXQFWLRQDODQGUHDFWLYH3266PRQRIXQFWLRQDORUPXOWLIXQFWLRQDO7KH3266PROHFXOH
KDV D ZHOOGHILQHG VWUXFWXUH ZLWK D QDQRVFDOH VL]H DSSUR[LPDWHO\  QP LQ GLDPHWHU ZKHQ
 
RUJDQLFJURXSV5DUH LQFOXGHG7\SLFDO SK\VLFDO SURSHUWLHVRI3266FRPSRXQGV DUH OLVWHG LQ
7DEOH
7DEOH7\SLFDOSK\VLFDOSURSHUWLHVRI3266>@
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
3URSHUW\   9DOXHRUW\SLFDOEHKDYLRXU
 'HQVLW\UDQJH   ±JFPW\SLFDOXSWRJFP
 5HIUDFWLYHLQGH[UDQJH  ±
 0ROHFXODUVL]H   ±QP
)RUP &RORXUOHVV RGRXUOHVV FU\VWDOOLQH VROLGV VRPH
ZD[HVDQGOLTXLGV
3RODULW\ 9HU\ ORZ IOXRURDON\O ORZ DON\O SKHQ\O
PHGLXPWRSRO\LRQLFKLJK
 7KHUPDOVWDELOLW\  ±R&W\SLFDOVRPHW\SHV!R&
 3XULW\    6WDQGDUGSXULW\!
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
2.1.2. Preparation and characterization of POSS  
3266 FRPSRXQGV DUH FRPPRQO\ V\QWKHVL]HG E\ D VROJHO SURFHVV WKURXJK K\GURO\WLF
FRQGHQVDWLRQRIWULIXQFWLRQDORUJDQRVLOLFRQPRQRPHUV56L;7KHRYHUDOOUHDFWLRQLVGHVFULEHG
LQ)LJXUH

)LJ2YHUDOOUHDFWLRQRI3266V\QWKHVLV
ZKHUH;LVDKLJKO\UHDFWLYHJURXSVXFKDV&O2+RUDONR[\5LVRUJDQLFJURXSV
7KHRUJDQLF5JURXSVRI3266FDQEHIXUWKHUPRGLILHGWKURXJKVXEVWLWXWLRQUHDFWLRQVUHDFWLRQV
LQYROYLQJDFLGGHULYDWLYHVDQGUHDFWLRQVRIXQVDWXUDWHGV\VWHPV
6HYHUDO PHWKRGV KDYH EHHQ XVHG IRU LQYHVWLJDWLQJ WKH VWUXFWXUH RI GLIIHUHQW 3266 W\SHV LQ
SDUWLFXODUWKHVROXWLRQ6L105VROLGVWDWH6L105)7,5VSHFWURVFRS\DQG;UD\SKRWRQ
VSHFWURVFRS\;36>@
56L;+2 +;>@
 
2.1.3. Application of POSS     
3266PDWHULDOVKDYHQDQRGLPHQVLRQLQRUJDQLFFRUHVDQGIXQFWLRQDOSHULSKHUDORUJDQLFJURXSV
ZKLFK DUH LGHDO IRU LQFRUSRUDWLRQ LQWR RUJDQLF SRO\PHUV 'HSHQGLQJ RQ WKH RUJDQLF JURXSV
3266 PROHFXOHV FDQ EH DWWDFKHG WR SRO\PHU EDFNERQHV E\ FRSRO\PHUL]DWLRQ RU FKHPLFDO
JUDIWLQJWRIRUP3266SRO\PHUQDQRFRPSRVLWHVUHDFWLYH3266RUEHSK\VLFDOO\GLVSHUVHGLQ
SRO\PHUPDWULFHVE\SK\VLFDOEOHQGLQJ WR IRUP3266SRO\PHUEOHQGV XQUHDFWLYH3266 ,Q
WKH UHFHQW\HDUVDFRQVLGHUDEOHQXPEHURIDSSOLFDWLRQVRI3266FRPSRXQGV LQ WKHUPRSODVWLF
SRO\PHUV>@WKHUPRVHWV>@FRDWLQJV>@SRURXVPDWHULDOV>@DQGPHGLFLQH
>@KDYHEHHQLQYHVWLJDWHG)RUQHZDSSOLFDWLRQVLQWKHIXWXUH3266KDVEHHQVXJJHVWHG
IRUFRVPHWLF IRUPXODWLRQVZKHUH LW FRXOGDFWDVDGLVSHUVDQWHPROOLHQWRUYLVFRVLW\PRGLILHU
3266 KDV UHFHQWO\ EHHQ FRSRO\PHUL]HG WR FUHDWH QHZ FRORXUOHVV DQG WUDQVSDUHQW SRO\LPLGH
3266 DUH LGHDOO\ VXLWHG DV FDOLEUDWLRQ VWDQGDUGV IRU PDVV VSHFWURVFRS\ DQG JHO SHUPHDWLRQ
FKURPDWRJUDSK\*3&RU6(&>@
)LQD et al. >@ LQYHVWLJDWHG WKH LQIOXHQFH RI 3266 IXQFWLRQDOL]DWLRQ RQ SRO\SURS\OHQH 33
EDVHGQDQRFRPSRVLWHV%\LQFUHDVLQJWKHDON\OFKDLQOHQJWKRIRUJDQLFJURXSVIURPRFWDPHWK\O
WR RFWDLVREXW\O WKH FRPSDWLELOLW\ EHWZHHQ 3266 FRPSRXQGV DQG 33 LV LQFUHDVHG 7KLVZDV
GLUHFWO\ REVHUYHG DV D PRUH HYHQ GLVSHUVLRQ DV GHWHUPLQHG E\ 6(0 7KH WKHUPR[LGDWLYH
EHKDYLRXURIWKH33PDWUL[LVLPSURYHGDWKLJK3266ORDGLQJV
-RVKL et al. >@ IDEULFDWHG QDQRFRPSRVLWHV IURP KLJK GHQVLW\ SRO\HWK\OHQH +'3( DQG
RFWDPHWK\O3266E\DPHOWPL[LQJPHWKRG7KHSURGXFWVZLWKDKRPRJHQHRXVGLVSHUVLRQDW
QDQRPROHFXODUOHYHORIRFWDPHWK\O3266XSWRZWLQ+'3(XQGHUVKHDUFRQGLWLRQVDUH
REWDLQHG$WFRQFHQWUDWLRQKLJKHUWKDQZWRFWDPHWK\O3266FU\VWDOOL]HVLQWRQDQRFU\VWDOV
DQG DW  ZW  ORDGLQJ RFWDPHWK\O3266 DJJORPHUDWHV DUH IRUPHG 7KH\ VKRZHG WKDW
RFWDPHWK\O3266DUHPLVFLEOHLQ+'3(DWORZFRQFHQWUDWLRQVXSWRZWDQGLPPLVFLEOHDW
KLJKHUFRQFHQWUDWLRQV!ZWDQGKLJKHUWHPSHUDWXUH!&
7KHVRIPHWK\OYLQ\OSKHQ\O3266DQGSRO\SURS\OHQH33ZHUHVXFFHVVIXOO\SUHSDUHGE\
)LQD et al. >@ 6XEPLFURQ GLVSHUVLRQV DUH REWDLQHG LQ YLQ\O326633 DQG SKHQ\O326633
ZKLOHPHWK\O3266DJJUHJDWHVDUHIRUPHGZLWKLQPHWK\O3266337KH33SRO\VLOVHVTXLR[DQH
VKRZHGDQLQFUHDVHGWKHUPR[LGDWLYHVWDELOLW\DQGFRPEXVWLRQUHVLVWDQFHLQWHUPVRIORZHUUDWH
RI KHDW UHOHDVH %HWWHU PHFKDQLFDO SHUIRUPDQFHV KLJKHU HODVWLF PRGXOXV DV ZHOO DV KLJKHU
HORQJDWLRQDWEUHDNZHUHDOVRDFKLHYHG
 
0LUFKDQGDQL et al. >@ XVHG VLODQRO IXQFWLRQDO ROLJRPHULF VLOVHVTXLR[DQH LQPRGLILFDWLRQ RI
K\GUR[\OIXQFWLRQDODFU\OLFSRO\RO$3UHVLQ7KHSURFHVVZDVFDUULHGRXWE\SK\VLFDOLQJDQG
DOVR E\ FKHPLFDO UHDFWLRQ XVLQJ WHWUDNLV HWK\OKH[\O WLWDQDWH DV D FDWDO\VW 7KH SUHSURGXFWV
LQFOXGLQJHGE$36DQGUHDFWHGU$36ZHUHWKHQFXUHGZLWKKH[DPHWK\OHQHGLLVRF\DQDWHWR
REWDLQVLOVHVTXLR[DQHPRGLILHGSRO\XUHWKDQH387KHKLJKHUJODVVWUDQVLWLRQWHPSHUDWXUHDQG
VWRUDJHPRGXOXVIURPG\QDPLFPHFKDQLFDODQDO\VLV'0$LQGLFDWHVWKHVXSHULRUPHFKDQLFDO
SURSHUWLHV RI ³VLOVHVTXLR[DQHPRGLILHG´ 38 RYHU WKH FRQYHQWLRQDO XQPRGLILHG 38
6LOVHVTXLR[DQHPRGLILHG38ZDVXVHGDVDFRDWLQJPDWHULDOZLWKUHPDUNDEOH LPSURYHPHQW LQ
WKH SHUIRUPDQFH SURSHUWLHV RI WKH FRDWLQJV VXFK DV KDUGQHVV WHQVLOH VWUHQJWK KHDW UHVLVWDQFH
DQGJORVV
$ERYHDUHUHFHQWDSSOLFDWLRQVRI3266LQWKHUPRSODVWLFVDQGFRDWLQJV,QJHQHUDOZKHQ3266
FRPSRXQGVDUHXVHGLQEOHQGVZLWKWKHUPRSODVWLFVLPSURYHPHQWVLQVHYHUDOSRO\PHUSURSHUWLHV
VXFKDVPHFKDQLFDOWKHUPR[LGDWLYHKDUGQHVVDQGYLVFRVLW\FDQEHDFKLHYHG
3URR[LGDQW
&RQYHQWLRQDO SODVWLF SDFNDJLQJ ILOPV DQG FDUULHU EDJV ZLOO EH GLVFDUGHG DIWHU XVH DQG PD\
UHPDLQLQWKHHQYLURQPHQWIRUPDQ\\HDUVOHDGLQJWRDSROOXWLRQSUREOHP2QHDSSURDFKLVWR
LQFRUSRUDWHDSURR[LGDQWDGGLWLYHLQWRSODVWLFPDWHULDOVZKLFKZLOODFFHOHUDWHWKHGHJUDGDWLRQRI
WKHSODVWLFLQWKHHQYLURQPHQW&RPPRQSURR[LGDQWVSUHVHQWO\EHLQJXVHGIRUWKHSUHSDUDWLRQ
RI³R[RELRGHJUDGDEOH´ WKHUPRSODVWLFVDUHEDVHGRQVWHDUDWHVDOWRID WUDQVLWLRQPHWDOVXFKDV
FREDOW &R LURQ )HPDQJDQHVH0QRUQLFNHO 1L6XFKVWHDUDWHVFDQGULYH WKHR[LGDWLRQ
SURFHVV ZKLFK XQGHU WKH DFWLRQ RI KHDW RU OLJKW ZLOO UHGXFH WKH PROHFXODU ZHLJKW RI WKH
SRO\PHUWRDORZPROHFXODUOHYHOZKHUHEDFWHULDDQGIXQJLLQWKHVRLORUGLVSRVDOHQYLURQPHQW
FDQIXUWKHUUHGXFHWKHPDWHULDOLQWRZDWHUFDUERQGLR[LGHDQGELRPDVV>@
$GKHVLRQ
$GKHVLRQ LV WKH LQWHUDWRPLFDQG LQWHUPROHFXODU LQWHUDFWLRQDW WKH LQWHUIDFHRI WZRVXUIDFHV LQ
FRQWDFW,WLVDPXOWLGLVFLSOLQDU\WRSLFWKDWLQFOXGHVVXUIDFHFKHPLVWU\SK\VLFVUKHRORJ\VWUHVV
DQDO\VLVDQGIUDFWXUHDQDO\VLV7KHDGKHVLRQVWUHQJWKFDQEHPHDVXUHGDVWKHPHFKDQLFDOIRUFH
WKDW LV QHHGHG WR VHSDUDWH WZR VXUIDFHV 7KH VXUIDFH FKDUDFWHULVWLFV RI WKH WZRPDWHULDOVZLOO
DIIHFWWKHDGKHVLRQ
2.3.1. Surface roughness and adhesion 
 
*HQHUDOO\VXUIDFHURXJKQHVVLVDYHU\LPSRUWDQWIHDWXUHRIWKHVXEVWUDWHSDUWLFXODUO\IRUFRDWLQJ
DQG SULQWLQJ ,Q FDVH RI D VPRRWK VXUIDFH )LJ D WKH VXEVWUDWH DQG WKH FRDWLQJ DUH KHOG
WRJHWKHURQO\E\LQWHUIDFLDODWWUDFWLYHIRUFHVSHUXQLWRIJHRPHWULFDUHD,QFDVHRIURXJKVXUIDFH
)LJEWKHDFWXDOFRQWDFWDUHDLVODUJHUWKDQWKHJHRPHWULFDUHD7KHURXJKVXUIDFHFRQWDLQV
SRUHVKROHVDQGFUHYLFHV:KHQDUHVLQLVFRDWHGRQDURXJKVXUIDFH WKHDGKHVLRQRIWKHFRDWLQJ
OD\HU WR WKH VXEVWUDWH LVQRUPDOO\EHWWHU WKDQ IRU D VPRRWK VXUIDFH+RZHYHU D URXJK VXUIDFH
PD\EHDGUDZEDFN LI WKHUHVLQGRHVQRWVXIILFLHQWO\SHQHWUDWHLQWR WKHPLFURVFRSLFSRUHVDQG
FUHYLFHV 7KH DFWXDO FRQWDFW DUHD FDQ EH VPDOOHU WKDQ WKH JHRPHWULF DUHD DQG WKXV DGKHVLRQ
UHGXFHG
+LJKVXUIDFHURXJKQHVVPD\DOVRFDXVHLPSHUIHFWFRYHUDJHRIWKHVXEVWUDWH+ROHVDQGSRUHVLQ
WKHFRDWLQJZLOODOORZOLTXLGRUJDVWRHDVLO\SHUPHDWHWKURXJKVXFKGHIHFWVDQGFRPHLQGLUHFW
FRQWDFW ZLWK WKH XQFRYHUHG SDUW FDXVLQJPDMRU SUREOHPV VXFK DV ZHWWLQJ DQG UHGXFWLRQ WKH
PHFKDQLFDOSURSHUWLHV)LJF>@
7KHVFDOHRIWKHURXJKQHVVFDQYDU\IURPPDFURVFRSLFWRPLFURVFRSLFWRVXEPLFURVFRSLFIURP
KXQGUHGVRIPLFURQVWRQDQRPHWUHV7KHVXUIDFHURXJKQHVVLVDGHTXDWHO\H[SUHVVHGE\DVLPSOH
:HQ]HOURXJKQHVVIDFWRU oAAr  ZKHUH$LVWKHµWUXH¶VXUIDFHDUHD$RWKHQRPLQDODUHD)RU
DQLGHDOVPRRWKVXUIDFHUFDQEHFDOFXODWHGIURPHOHPHQWDU\JHRPHWULFIRUPXODH)RUDVLPSOH
UHDOVXUIDFHUFDQEHFDOFXODWHGIURPVWUDLJKWIRUZDUGPHDVXUHPHQWVVXFKDVSURILORPHWU\>@

 D   E  F
)LJ*HRPHWULHVRIVXUIDFHLQWHUDFWLRQVEHWZHHQDFRDWLQJDQGDVXEVWUDWHDGDSWHGIURP>@
D6PRRWKLQWHUIDFH
E5RXJKVXUIDFHRQDPLFURVFRSLFVFDOH
F5RXJKVXUIDFHZLWKLQFRPSOHWHSHQHWUDWLRQRIFRDWLQJ
,QRUGHUWRJHWEHWWHUDGKHVLRQWKHVXUIDFHRIWKHVXEVWUDWHLVVRPHWLPHVURXJKHQHGSULRUWRWKH
FRDWLQJSURFHVV5RXJKHQLQJ WKH VXEVWUDWH¶V VXUIDFHJLYHVDQ LQFUHDVH LQ WKH VXUIDFHDUHDDQG
DOVRLQWKHVXUIDFHIUHHHQHUJ\)XUWKHUPRUHURXJKHQHGVXUIDFHPD\EHDEOHWRUHGLVWULEXWHWKH
VWUHVV ZKHQ VWUHVVHG VR DV WR LQFUHDVH HQHUJ\ GLVVLSDWLRQ GXULQJ IDLOXUH RI WKH MRLQW 7KH
VWUHQJWKHQLQJRIDQLQWHUIDFHUHVXOWLQJIURPLQFUHDVLQJURXJKQHVVPD\FKDQJHWKHPHFKDQLVPRI
IUDFWXUHIURPDOHVVWRPRUHHQHUJHWLFPRGH>@
 
2.3.2. Relationship between wetting, spreading and adhesion 
:KHQDGURSRIOLTXLGLVSODFHGRQDVXUIDFHLWPD\VSUHDGFRPSOHWHO\RULWPD\KDYHDOLPLWHG
VSUHDGLQJWHQGHQF\DQGUHPDLQDVDGURSKDYLQJDGHILQLWHDQJOHșZLWKWKHVXUIDFHVHH)LJ
7KH UHODWLRQVKLS EHWZHHQ FRQWDFW DQJOH ș WKH VXUIDFH IUHH HQHUJ\ RI WKH VXEVWUDWH Ȗ6 WKH
VXUIDFHWHQVLRQRIWKHOLTXLGȖ/DQGWKHLQWHUIDFLDOWHQVLRQȖ6/EHWZHHQVROLGDQGOLTXLGFDQ
EHH[SUHVVHGE\<RXQJ¶VHTXDWLRQ>@
L
SLS
J
JJT  FRV (T
,IȖ/LVORZHUWKDQȖ6WKHOLTXLGGURSZLOOVSUHDGVSRQWDQHRXVO\RQWKHVXEVWUDWH¶VVXUIDFH7KH
FRQWDFWDQJOHșLVUHGXFHGGXULQJVSUHDGLQJXQWLOWKHV\VWHPKDVUHDFKHGHTXLOLEULXP:KHQȖ/
Ȗ6/Ȗ6  WKHOLTXLGZLOOVSUHDGWKURXJKRXWWRIRUPDWKLQZLGHFLUFOHRQWKHVXEVWUDWHZLWKWKH
FRQWDFW DQJOH R DQG WKH DGKHVLRQ UHDFK PD[LPXP ,Q RUGHU WR REWDLQ JRRG DGKHVLRQ WKH
VXUIDFHWHQVLRQRIWKHOLTXLGVKRXOGEHORZHUWKDQWKHVXUIDFHIUHHHQHUJ\RIWKHVXEVWUDWHȖ/
Ȗ6)RUH[DPSOHWKHDGKHVLRQRISRO\HWK\OHQHZKHQFRDWHGRQSDSHUERDUGFDQEHLQFUHDVHGLI
ȖSDSHUERDUGLVKLJKHUWKDQȖPROWHQ3(P-P>@



)LJ&RQWDFWDQJOHRIOLTXLGGURSRQDVROLGVXEVWUDWHDGDSWHGIURP>@

:KHQ D OLTXLG LV FRDWHG RQ D VXEVWUDWH ZLWK D URXJK VXUIDFH DQG Ȗ/ Ȗ6 WKH OLTXLG FDQ
VSRQWDQHRXVO\VSUHDGOHDGLQJWRLWVSHQHWUDWLRQLQWRSRUHVKROHVDQGFUHYLFHVRIWKHVXEVWUDWH
6XFKSHQHWUDWLRQLVDQDORJRXVWRSHQHWUDWLRQRIDOLTXLGLQWRDFDSLOODU\RQWKHPLFURVFDOH7KH
SHQHWUDWLRQOHQJWKLQWRDFDSLOODU\DVDIXQFWLRQRIWLPHFDQEHHVWLPDWHGDVIROORZV
  

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ZKHUH/LVGLVWDQFHRISHQHWUDWLRQPUUDGLXVRIFDSLOODU\PWLVWLPHRISHQHWUDWLRQVșLV
FRQWDFWDQJOHȖLVVXUIDFHWHQVLRQP1PDQGȘLVYLVFRVLW\3DVRIWKHOLTXLG>@
Ȗ/
Ȗ6
/LTXLG
Ȗ6/
6ROLGVXEVWUDWH
ș
 
)URPWKLVHTXDWLRQWKHUDWHRISHQHWUDWLRQ/WLQFUHDVHVZLWKLQFUHDVLQJVXUIDFHWHQVLRQRIWKH
OLTXLG (VSHFLDOO\ WKH UDWH LV VWURQJO\ DIIHFWHG E\ WKH YLVFRVLW\ RI WKH OLTXLG 7KH ORZHU WKH
YLVFRVLW\RIWKHOLTXLGWKHPRUHUDSLGSHQHWUDWLRQLQWRSRUHVRIWKHVXEVWUDWH,WLVLPSRUWDQWWR
NHHSWKHYLVFRVLW\ORZIRUDORQJHQRXJKWLPHIRUSHQHWUDWLRQWRILOOLQWRWKHSRUHV%HVLGHWKH
UDWHLVDOVRDIIHFWHGE\FRQWDFWDQJOH:KHQWKHFRQWDFWDQJOHLV]HURWKHUDWHLVKLJKHVW
2.3.3. Work of adhesion 
7KHZRUN RI DGKHVLRQ EHWZHHQ WKH VROLG VXEVWUDWH DQG WKH OLTXLG WKH QHJDWLYH RI WKH*LEEV
HQHUJ\RIDGKHVLRQLVWKHZRUNWRVHSDUDWHO\VSOLWWZRVXUIDFHVDQGPD\EHFDOFXODWHGWKURXJK
WKH'XSUpHTXDWLRQ>@ SLLSaW JJJ  (T
&RPELQLQJ<RXQJ¶VHTXDWLRQ(TDQG(TREWDLQLQJWKH<RXQJ'XSUHHTXDWLRQ
FRV TJ  LaW (T
(TLPSOLHVWKDWWKHZRUNRIDGKHVLRQEHWZHHQWKHVROLGDQGWKHOLTXLGFDQEHGHWHUPLQHGIURP
VXUIDFHWHQVLRQRIWKHOLTXLGDQGFRQWDFWDQJOHPHDVXUHPHQWV 
2.3.4. Adhesion theory 
$GKHVLRQ PHFKDQLVPV DUH NQRZQ WR EH GHSHQGHQW RQ WKH VXUIDFH FKDUDFWHULVWLFV RI WKH
PDWHULDOV7KHPRVW LPSRUWDQWPHFKDQLVPVRI DGKHVLRQ DUHPHFKDQLFDO LQWHUORFNLQJ SK\VLFDO
DGVRUSWLRQFKHPLFDOERQGLQJHOHFWURVWDWLFDWWUDFWLRQGLIIXVLRQZHDNERXQGDU\OD\HUDQGDFLG
EDVHLQWHUDFWLRQ 
i) The mechanical interlocking mechanism 
7KHPHFKDQLFDO LQWHUORFNLQJPHFKDQLVP LV WKH VLPSOHVW ,W LV EDVHG RQ WKH IDFWRU WKDW DW WKH
PLFURVFRSLF OHYHO DOO VXUIDFHV DUH YHU\ URXJK FRQVLVWLQJ RI YRLGV KROHV FUHYLFHV DQG RWKHU
LUUHJXODULWLHV 7KH DGKHVLYH SHQHWUDWHV LQWR PLFURFDYLWLHV UHVXOWLQJ LQ D IRUPDWLRQ RI
PHFKDQLFDO LQWHUORFNVDW WKH LQWHUIDFH7KHDGKHVLYHPXVWQRWRQO\ZHW WKHVXEVWUDWHEXWDOVR
KDYH WKH ULJKW UKHRORJLFDO SURSHUWLHV WR SHQHWUDWH SRUHV DQG RSHQLQJV LQ D UHDVRQDEOH WLPH
>@
ii) The physical adsorption mechanism 
:KHQDQDGKHVLYHLVDSSOLHGWRDVXEVWUDWHWKHDGKHVLYHVSUHDGVVSRQWDQHRXVO\RQWKHVXUIDFH
RIDGKHUHQWZKHQ WKH MRLQ LV IRUPHG7KLVKDV UHVXOWHG LQDGKHVLYHPDWHULDOVEHLQJGHYHORSHG
ZKLFKKDYHDORZHUVXUIDFHWHQVLRQWKDQWKHDGKHUHQWVXUIDFHV$FFRUGLQJWRWKLVWKHRU\LQWKH
 
HYHQWRILQWLPDWHFRQWDFWEHWZHHQWKHDGKHVLYHDQGWKHDGKHUHQWWKHDGKHVLYHVWUHQJWKDULVHVDV
DUHVXOWRIVHFRQGDU\LQWHUPROHFXODUIRUFHVDWWKHLQWHUIDFH7KHVHPD\LQFOXGH9DQGHU:DDOV
IRUFHVGLSROHGLSROHGLSROHLQGXFHGGLSROHLQWHUDFWLRQVDQGK\GURJHQERQGV>@
iii) The chemical bonding mechanism 
7KLVPHFKDQLVPLVUHODWLYHO\VLPLODUWRWKHSK\VLFDODGVRUSWLRQPHFKDQLVPLQZKLFKWKHVWURQJ
FKHPLFDOERQGVLRQLFFRYDOHQWPHWDOOLFDUHIRUPHGDWWKHLQWHUIDFHEHWZHHQWKHDGKHVLYHDQG
WKHDGKHUHQW7KHLQWURGXFWLRQRIPROHFXODUERQGLQJEHWZHHQWKHDGKHVLYHDQGWKHDGKHUHQWZLOO
REYLRXVO\ LPSURYH WKH DGKHVLYH ERQG VWUHQJWK%\ XVLQJ VXUIDFH WUHDWPHQWV RU DGGLWLRQDO
FRXSOLQJDJHQWVWRSHUIRUPUHDFWLRQVDWWKHVXUIDFHVFKHPLFDOERQGVEHWZHHQWKHDGKHVLYHDQG
WKHVXEVWUDWHFDQEHREWDLQHG>@
iv) Electrostatic interaction 
7KHPHFKDQLVPRIHOHFWURVWDWLFLQWHUDFWLRQLVWKDWHOHFWURVWDWLFDOO\FKDUJHGERQGVDUHIRUPHGDW
WKH LQWHUIDFH E\ WKH LQWHUDFWLRQ EHWZHHQ WKH DGKHVLYH DQG DGKHUHQW ZKLFK FRQWULEXWHV
VLJQLILFDQWO\WRWKHERQGVWUHQJWK7KLVLVDFRQWURYHUVLDOWKHRU\>@DVPDQ\KDYHGRXEWHGWKH
DFWXDO VLJQLILFDQFHRI WKH IRUFHV LQYROYHG:KLOH WKLVFRQFHSWPD\EHXVHIXO WRH[SODLQ VRPH
VSHFLILF H[DPSOHV RI DGKHVLRQ VLJQLILFDQW GRXEWV KDYH EHHQ FDVW UHJDUGLQJ LWV RYHUDOO
YDOXH7KHVH LQFOXGH LPSURYHG DGKHVLRQ VWUHQJWKV ZLWK ORZHULQJ RI WHPSHUDWXUH IRU D ODUJH
QXPEHURIDGKHVLYHV\VWHPVORZHU WHPSHUDWXUHVVKRXOGUHVXOW LQSRRUHUHOHFWURVWDWLF IRUFHV
$OVRLWKDVEHHQLGHQWLILHGWKDWYLUWXDOO\QRFKDQJHVLQDGKHVLRQSHUIRUPDQFHUHVXOWZLWKJURVV
YDULDWLRQVLQWKHHOHFWURQLFFKDUDFWHURIWKHDGKHVLYHV>@
v) The diffusion mechanism 
7KH GLIIXVLRQ WKHRU\ SUHGLFWV WKDW DGKHVLRQ LV LQFUHDVHG E\ LQWHUPROHFXODU GLIIXVLRQ DQG
HQWDQJOHPHQWDFURVVWKHLQWHUIDFH7KLVPHFKDQLVPLVSDUWLFXODUO\UHOHYDQWIRUSRO\PHUVZKHUHD
PRYHPHQWDQGHQWDQJOHPHQWRIORQJPROHFXOHVFDQRFFXU7KLVFDQEHYLHZHGDVDPROHFXODU
LQWHUORFN HQDEOHG DGKHVLRQ3DUDPHWHUV DIIHFWLQJ WKH GLIIXVLRQ SURFHVV DUH FRQWDFW WLPH
WHPSHUDWXUHPROHFXODUZHLJKW RI SRO\PHUV FKHPLFDO LQWHUDFWLRQ EHWZHHQ SRO\PHUV SRO\PHU
VWUXFWXUHDQGSK\VLFDOIRUPOLTXLGVROLG:KLOHWKHGLIIXVLRQWKHRU\DSSOLHVZHOOIRUFDVHVRI
VHOIDGKHVLRQ RU DXWRDGKHVLRQ LW KDV IRXQG OLPLWHG DSSOLFDWLRQZKHUH WZR SRO\PHUV DUH QRW
VROXEOH RU WKH FKDLQ PRYHPHQW RI WKH SRO\PHU LV FRQVWUDLQHG E\ LWV KLJKO\ FURVVOLQNHG
FU\VWDOOLQH VWUXFWXUH RU ZKHQ LW LV EHORZ LWV JODVV WUDQVLWLRQ WHPSHUDWXUH 7J 6XFK LQWHU
 
GLIIXVLRQZLOORFFXURQO\LIWKHSRO\PHUFKDLQVDUHPRELOHLHWKHWHPSHUDWXUHLVDERYH7JDQG
FRPSDWLEOH>@
)RU WKH GLIIXVLRQPHFKDQLVP WR EH UHOHYDQW IRU SDSHUPDWHULDOV LW LV QHFHVVDU\ WR EUHDN WKH
K\GURJHQERQGVRIWKHFDUERK\GUDWHSRO\PHUVLQWKHSDSHUVVXUIDFH7KLVPD\KDSSHQWRVRPH
H[WHQW IRU DGKHVLYHVZKLFKDUHGLVVROYHGRUGLVSHUVHG LQZDWHUEXW VKRXOGQRWEH UHOHYDQW IRU
RWKHUDGKHVLYHV\VWHPV7KHFU\VWDOOLQHSRUWLRQRIFHOOXORVHLVQRWOLNHO\WREHLQYROYHG>@
vi) Weak boundary layer (WBL) theory  
7KH ZHDN ERXQGDU\ WKHRU\ LV D WKHRU\ RI GHERQGLQJ UDWKHU WKDQ ERQGLQJ RU DGKHVLRQ
$FFRUGLQJWRWKH:%/WKHRU\ERQGIDLOXUHVHHPVWRRFFXUDWWKHLQWHUIDFHXVXDOO\DFRKHVLYH
UXSWXUH RI DZHDN ERXQGDU\ OD\HU LV WKH UHDO HYHQW 7KLV WKHRU\ VXJJHVWV WKDW WUXH LQWHUIDFLDO
IDLOXUH UDUHO\ RFFXUV ,Q PRVW FDVHV MRLQW IDLOXUH UHVXOWV IURP D FRKHVLYH IDLOXUH RI D ZHDN
ERXQGDU\ OD\HU :HDN ERXQGDU\ OD\HUV FDQ RULJLQDWH IURP WKH DGKHVLYH WKH DGKHUHQG WKH
HQYLURQPHQW RU FRPELQDWLRQ RI DQ\ RI WKH WKUHH :HDN ERXQGDU\ OD\HUV FDQ RFFXU RQ WKH
DGKHVLYH RU DGKHUHQW VLGH LI DQ LPSXULW\ FRQFHQWUDWHV QHDU WKH ERQGLQJ VXUIDFH DQG IRUPV D
ZHDNDWWDFKPHQWWRWKHVXEVWUDWH>@
vii) Acid-base interaction  
7KHDFLGEDVHLQWHUDFWLRQPHFKDQLVPLVEDVHGRQWKH%URQVWHGDFLGEDVHFRQFHSWWRSUHGLFWWKH
UHODWLYHPDJQLWXGHRIK\GURJHQERQGLQJEHWZHHQSRO\PHUVDQGR[LGHVXUIDFHLQWKHSUHVHQFHRI
PRLVWXUH 'RQRUDFFHSWRU LQWHUDFWLRQV GHILQHG DV WKH IRUPDWLRQ RI DFLGEDVH LQWHUDFWLRQV
EHWZHHQDGKHVLYHDQGVXEVWUDWHKDYHDOVREHHQSURSRVHGDVDPDMRUW\SHRILQWULQVLFDGKHVLRQ
IRUFHRSHUDWLQJDFURVVWKHLQWHUIDFH>@
3HUPHDELOLW\DQGSODVWLFVSDFNDJLQJ
2.4.1. Introduction 
7KH IRRG SDFNDJLQJ LQGXVWU\ DOZD\V GHPDQGV JRRG EDUULHU SURSHUWLHV RI WKH SDFNDJLQJ
PDWHULDOV 7KH SDFNDJH PXVW SURWHFW WKH SURGXFW DJDLQVW SK\VLFDO KD]DUGV DQG DWPRVSKHULF
HQYLURQPHQWDOLQIOXHQFHVVXFKDVUDLQZDWHUYDSRXUJDVHVDQGRGRXUV3DFNDJLQJPDWHULDOVDUH
WKHUHIRUH UHTXLUHG WR DFW DV EDUULHUV EHWZHHQ WKH RXWVLGH HQYLURQPHQW DQG WKH LQWHULRU
DWPRVSKHUH RI WKH SDFNDJH LQ RUGHU WR PDLQWDLQ IRRG TXDOLW\ 7KH VHOHFWLRQ RI SDFNDJLQJ
PDWHULDO ZLOO GHSHQG RQ WKHLU UHVLVWDQFH WR JDVHV ZDWHU YDSRXU DQG RGRXUV ,Q WHUPV RI JDV
EDUULHUR[\JHQFDUERQGLR[LGHQLWURJHQDQGVXOSKXUGLR[LGHDUH WKHPDLQRQHVRI LQWHUHVW LQ
 
SDFNDJLQJ ,Q DGGLWLRQ EDUULHU DJDLQVW ERWK OLTXLGZDWHU DQGZDWHU YDSRXU LV RIWHQ LPSRUWDQW
>@
$FRQVLGHUDWLRQRIWKHRYHUDOOVWUXFWXUHRIDSDFNLQFOXGHVWKHFRPELQDWLRQRIPDWHULDOVIRUWKH
ERG\RIWKHFRQWDLQHU
7KHVHOHFWLRQRISDFNDJLQJPDWHULDOVZLOOEHJRYHUQHGE\FRQVLGHUDWLRQRIWKHIROORZLQJIDFWRUV
 L3K\VLFDOSURSHUWLHVVWUHQJWKULJLGLW\
 LL 3URFHVVDELOLW\ FRPSDWLELOLW\ZLWK WKH SURFHVV RI SUHVHUYDWLRQPDFKLQH KDQGOLQJ
GXULQJILOOLQJKHDWVHDOLQJVWRUDJHFRQGLWLRQVDQGDIWHUSXUFKDVHKDQGOLQJ
 LLL%DUULHUSURSHUWLHV
LY&RVWRIWKHPDWHULDOVDQGFRQYHUVLRQSURFHVVHVUHODWLYHWRWKHFRVWRIWKHSURGXFW
2.4.2. Rate of transmission 
$WZKDW UDWH D JDV YDSRXU RU OLTXLGZLOO SDVV WKURXJK D SRO\PHULFPDWHULDO GHSHQGV RQ WKH
SURSHUWLHV RI WKH SHUPHDWLQJ PROHFXOHV WKH SURSHUWLHV RI WKH SRO\PHU DQG WKH GHJUHH RI
LQWHUDFWLRQEHWZHHQSRO\PHUDQGSHUPHDWLQJPROHFXOHV ,QDGGLWLRQHQYLURQPHQWDO FRQGLWLRQV
OLNHWHPSHUDWXUHDQGJDVSUHVVXUHRQERWKVLGHVRIWKHEDUULHUDUHLPSRUWDQW
&U\VWDOOLQHVWUXFWXUHVKDYHDJUHDWHUGHJUHHRIPROHFXODUSDFNLQJDQGWKHLQGLYLGXDOFU\VWDOOLQH
UHJLRQVPD\EHFRQVLGHUHGDVDOPRVWLPSHUPHDEOHWRDGLIIXVLQJPROHFXOH7KXVGLIIXVLRQFDQ
RQO\RFFXULQWKHDPRUSKRXV]RQHVRUDWUHJLRQVRILPSHUIHFWLRQLQWKHFU\VWDOVWUXFWXUH6HPL
FU\VWDOOLQHSRO\PHUVWHQGWREHOHVVSHUPHDEOHFRPSDUHGWRDPRUSKRXVRQHV
3HUPHDWLRQ RI D JDV RU YDSRXU WKURXJK D SRO\PHULF PDWHULDO LV JHQHUDOO\ RI WKH DFWLYDWHG
GLIIXVLRQW\SH7KHSUHVHQFHRIFUDFNVSLQKROHVDQGYRLGVZLOOOHDGWRUDWKHUFDWDVWURSKLFORVV
RIEDUULHUSURSHUWLHV
*HQHUDOO\ WKH SHUPHDWLRQ RI D JDV YDSRXU RU OLTXLG WKURXJK D SRO\PHU ILOP LQFOXGHV IRXU
VWDJHVDVIROORZV
L $EVRUSWLRQRIWKHSHUPHDWLQJVSHFLHVRQWRWKHVXUIDFHRIWKHSRO\PHU
LL 6ROXWLRQRIWKHJDVRUYDSRXULQWRWKHSRO\PHUPDWUL[
LLL 'LIIXVLRQWKURXJKWKHZDOODORQJDFRQFHQWUDWLRQJUDGLHQW
LY 'HVRUSWLRQIURPWKHRWKHUVXUIDFH
7KH SHUPHDELOLW\ FRHIILFLHQW 3 LV FDOFXODWHG DV SDP   LQ ZKLFK ' LV WKH GLIIXVLRQ
FRHIILFLHQWDQG6LVVROXELOLW\FRHIILFLHQW
 
7KLVHTXDWLRQDVVXPHVWKDWERWK'DQG6DUHLQGHSHQGHQWRIFRQFHQWUDWLRQ,WLVWUXHIRUR[\JHQ
K\GURJHQQLWURJHQDQGRWKHUJDVHVDQGLQFDVHRIFDUERQGLR[LGHWKHWKHRU\LVDOVRUHDVRQDEO\
DFFXUDWH+RZHYHU WKH WKHRU\EUHDNVGRZQZKHUHFRQVLGHUDEOHUHDFWLRQEHWZHHQ WKHSRO\PHU
DQG GLIIXVLQJPROHFXOHV WDNHV SODFH e.g. ZDWHU DQG FHOOXORVH ILOP RU PDQ\ VROYHQW YDSRXUV
GLIIXVLQJWKURXJKSODVWLFILOPV
7KHUHDUHWKUHHDVVXPSWLRQVLQWKHVLPSOHWUHDWPHQWRISHUPHDWLRQZKLFKDUH
L GLIIXVLRQLVLQDVWHDG\VWDWHFRQGLWLRQ
LL WKHFRQFHQWUDWLRQGLVWDQFHUHODWLRQVKLSWKURXJKWKHSRO\PHULVOLQHDU
LLL GLIIXVLRQWDNHVSODFHVLQRQHGLUHFWLRQRQO\WKDWLV WKURXJKWKHILOPZLWKQRQHW
GLIIXVLRQDORQJRUDFURVVLW
)RU H[DPSOH SRO\HWK\OHQHZLOO EHPRUHSHUPHDEOH WR OLTXLGVRI VLPLODU VROXELOLW\ SDUDPHWHU
HJK\GURFDUERQVWKDQWROLTXLGVRIGLIIHULQJVROXELOLW\SDUDPHWHUEXWRIVLPLODUPROHFXODUVL]H
DQGVKDSH
7KHSHUPHDELOLW\FRHIILFLHQWRIDSRO\PHUFDQEHH[SUHVVHGE\ GFP  ZKHUHDIDFWRU)LV
GHWHUPLQHGE\WKHQDWXUHRIWKHSRO\PHUDQGDIXQFWLRQ*LVGHWHUPLQHGE\WKHQDWXUHRI WKH
JDVDQGDQLQWHUDFWLRQIXQFWLRQ+
7KH SHUPHDELOLW\ GDWD RI SRO\HWK\OHQH /'3( ORZ GHQVLW\ DQG FU\VWDOOLQLW\ +'3( KLJK
GHQVLW\DQGFU\VWDOOLQLW\ WR+2DW5+DQGR& LVDQGFPPPVFPFP
+JUHVSHFWLYHO\
2.4.2.1. Variables affecting permeability of polymers 
,QPDQ\SRO\PHUV\VWHPVWKHSHUPHDWLRQUDWHLVLQYHUVHO\SURSRUWLRQDOWRWKHWKLFNQHVVRIWKH
SRO\PHU ILOP RU WKH SHUPHDELOLW\ FRHIILFLHQW LV LQGHSHQGHQW RI WKLFNQHVV+RZHYHU WKHUH DUH
VRPH H[FHSWLRQDO FDVHV ZKHUH WKH SHUPHDELOLW\ FRHIILFLHQW LQFUHDVHV RU GHFUHDVHV ZLWK
WKLFNQHVV,QFDVHRIFRDWHGILOPVZLWKDQLUUHJXODUVXUIDFHe.g.FRQWDLQLQJSLQKROHVZLOOOHDGWR
DKLJKWUDQVPLVVLRQUDWH7KHUHIRUHLWLVFRPPRQWRXVHPXOWLOD\HUVWUXFWXUHFRDWLQJVWUXFWXUHV
PXOWLSOHFRDWLQJRUODPLQDWLQJWRLQWHUUXSWJDVWUDQVPLVVLRQIRUSDFNDJLQJPDWHULDOV
0ROHFXODU VWUXFWXUH FDQ OHDG WR JRRG EDUULHU SURSHUWLHV RI SRO\PHUV ,Q IDFW D VWUXFWXUH WKDW
OHDGVWRDJRRGJDVEDUULHUEXWDSRRUZDWHUYDSRXUEDUULHU3RO\PHUVZLWKDKLJKSRODULW\VXFK
DV SRO\YLQ\O DOFRKRO RU FHOOXORVH KDYH KLJK JDV EDUULHUV EXW SRRUZDWHU EDUULHUV&RQWUDULO\
QRQSRODU K\GURFDUERQ SRO\PHU VXFK DV SRO\HWK\OHQH 3( RU SRO\SURS\OHQH 33 KDYH
H[FHOOHQWZDWHUEDUULHUEXWSRRUJDVEDUULHUSURSHUWLHV
 
7KHSRO\PHUZLWKJRRGDOOURXQGEDUULHUSURSHUWLHVPXVWSRVVHVWKHIROORZLQJSURSHUWLHV
L6RPHGHJUHHRISRODULW\KDYLQJWKHQLWULOHFKORULGHIOXRULGHDFU\OLFRUHVWHUJURXSV
LL+LJKFKDLQVWLIIQHVV
LLL,QHUWWRWKHSHUPHDWLQJVSHFLHV
LY&ORVHFKDLQWRFKDLQSDFNLQJDELOLW\EURXJKWDERXWE\PROHFXODUV\PPHWU\RURUGHU
FU\VWDOOLQLW\RURULHQWDWLRQ
Y6RPHERQGLQJRUDWWUDFWLRQEHWZHHQFKDLQV
YL+LJKJODVVWUDQVLWLRQWHPSHUDWXUH
,Q JHQHUDO OLQHDU SRO\PHUV ZLWK D VLPSOH PROHFXODU VWUXFWXUH KDYH JRRG FKDLQ SDFNLQJ DQG
ORZHUJDVSHUPHDELOLW\e.g.+'3(WKDQWKRVHFRQWDLQLQJVLGHJURXSVe.g.SRO\SURS\OHQH33
2.4.2.2. Effect of permeating species 
7KHFRPSRVLWLRQDQGPROHFXODUVWUXFWXUHRIWKHSRO\PHUSOD\DQLPSRUWDQWUROHLQGHWHUPLQLQJ
WKHSHUPHDELOLW\RIDEDUULHUPDWHULDO/LNHZLVHWKHPROHFXODUVWUXFWXUHRIWKHSHUPHDWLQJJDV
RU OLTXLGLVRILPSRUWDQFHLQWKHIROORZLQJPDQQHU6PDOOPROHFXOHVGLIIXVHIDVWHU WKDQODUJHU
RQHV1RQSRODUPROHFXOHVGLIIXVHPRUHUDSLGO\WKDQSRODURQHV
2.4.2.3. Thickness of polymer films 
7KH SHUPHDELOLW\ FRHIILFLHQW LV QRUPDOO\ LQGHSHQGHQW RI WKH WKLFNQHVV 7KHUH LV KRZHYHU DQ
LQYHUVHUHODWLRQVKLSEHWZHHQWKLFNQHVVDQGWKHQXPEHURISLQKROHV0DQ\SDFNDJLQJPDWHULDOV
FRQVLVWRIFRDWHGSRO\PHUOD\HUVODPLQDWHGILOPVRUPXOWLOD\HUV
7KHSHUPHDELOLW\3RIDVLPSOHFDVHRIDODPLQDWHFRQVLVWLQJRIWZROD\HUVFDQEHGHWHUPLQHGDV
 
 
 l l
P lP lP
  ZKHUH O LV WRWDO WKLFNQHVV  l l l  DQG WKHSHUPHDELOLW\RI WZR OD\HUVDUH3
DQG3
,IDEDUULHUSRO\PHU LVXVHGDVD WKLQFRDWLQJ LQDPXOWLOD\HUVWUXFWXUHQRUPDO OD\HUPDWHULDOV
ZLOOKDYHGLIIHUHQWFKDUDFWHULVWLFVZKLFKGHSHQGRQWKHJUDGHDQGWKLFNQHVVRIWKHPDWHULDODQG
WKH QXPEHU RI SLQKROHV 7KH SHUPHDELOLW\ UDWH RI D PXOWLOD\HU PDWHULDO FDQ EH H[SUHVVHG DV
IROORZV 
    
t x y zP P P P
   
ZKHUH3WLVWRWDOSHUPHDELOLW\3[\]DUHWKHSHUPHDELOLWLHVRIWKHVHSDUDWHOD\HUV

 
&KDSWHU
0$7(5,$/6$1'0(7+2'6


0DWHULDOV
3.1.1. Polyhedral oligomeric silsesquioxanes (POSS) compound 
7KH3266FRPSRXQGXVHG LQ3DSHUZDVELR3266RFWDHWK\ORFWDGHFD10,13 GLHQRDPLGH
VLOVHVTXLR[DQHZKLFKLVDGHULYDWLYHRIXQVDWXUDWHGIDWW\DFLGRFWDGHFD10,13GLHQRLFDFLGZLWK
DW\SLFDOVWUXFWXUHDVVKRZQLQ)LJXUH












)LJ7\SLFDOVWUXFWXUHRIRFWDHWK\ORFWDGHFDGLHQRDPLGHVLOVHVTXLR[DQH
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7KH3266FRPSRXQGXVHG LQ3DSHUZDVRFWDHWK\O HUXFLDPLGH VLOVHVTXLR[DQH )LJXUH
7KLVLVDGHULYDWLYHRIXQVDWXUDWHGIDWW\DFLGHUXFLFDFLG

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)LJ7\SLFDOVWUXFWXUHRIRFWDHWK\OHUXFDPLGHVLOVHVTXLR[DQHELR3266
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7KH 3266 FRPSRXQG XVHG LQ 3DSHU  ZDV >DPLQRXQGHFDQR\O DPLQR SURSDQH@
VLOVHVTXLR[DQH)LJXUH
 
 
 
 
 
 
 
 
 


)LJ7\SLFDOVWUXFWXUHRI>DPLQRXQGHFDQR\ODPLQRSURSDQH@VLOVHVTXLR[DQH
DPLQR3266

7KH3266FRPSRXQGLQ3DSHUZDVVXSSOLHGE\-RWXQ$61RUZD\
7KH3266FRPSRXQGVLQ3DSHUDQG3DSHUZHUHV\QWKHVL]HGLQRXUODERUDWRU\E\DWZRVWHS
SURFHGXUH>@DPLQRSURS\OWULHWKR[\VLODQHZDVFRQYHUWHGWRDPLQHIXQFWLRQDOL]HG3266E\
D VROJHOSURFHVV ,Q WKHVHFRQGVWHS WKHDPLQHJURXSVZHUHPRGLILHGE\D IDWW\DFLG HUXFLF
DFLGLQ3DSHUE\DQDPLQRDFLGDPLQRXQGHFDQRLFDFLGLQ3DSHU
7KH3266FRPSRXQGVLQ3DSHUDQG3DSHUDUHGHULYDWLYHVRIXQVDWXUDWHGIDWW\DFLGVWKDWDUH
ELRORJLFDODQGUHQHZDEOHDQGWKHUHIRUHFDOOHGELR32667KH3266FRPSRXQGLQ3DSHULVD
GHULYDWLYHRIDPLQRDFLGDPLQRXQGHFDQRLFDFLGWKHUHIRUHFDOOHGDPLQR3266
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3.1.2. Low density polyethylene (LDPE)  
7KH ORZ GHQVLW\ SRO\HWK\OHQH /'3( XVHG LQ 3DSHU  SHOOHW ZDV VXSSRUWHG E\ ,QHRV
3RO\ROHILQV	3RO\PHUV(XURSHZLWKPHOWLQJSRLQW7PRIR&DQGPHOWIORZLQGH[0),RI
JPLQR&NJ
7KH/'3(LQ3DSHUSRZGHUVWDWHZDVSURYLGHGE\1RUPDWFK$61RUZD\DQGKDVD7PRI
R&0),RIJPLQDWR&NJ
3.1.3. Pro-oxidant additives 
7KH SURR[LGDQW DGGLWLYH XVHG LQ 3DSHU  ZDV D PDVWHUEDWFK RI IHUULF VWHDUDWH )H6W LQ
SRO\HWK\OHQH ZLWK DQ LURQ FRQWHQW RI  ZW ZKLFK ZDV SURYLGHG E\ 1RU; ,QGXVWU\ $6
1RUZD\7KHSURR[LGDQWDGGLWLYHFRQWDLQVVWHDULFDFLGLQDGGLWLRQWRIHUULFVWHDUDWHDERXW
ZW
3.1.4. Paperboard 
6LQJOHVLGHFRDWHGWKUHHSO\SDSHUERDUGZDVVXSSOLHGE\.RUVQlV$%6ZHGHQ7KHWZRVLGHV
RIWKHSDSHUERDUGDUHGLIIHUHQW2QHVLGHLVSLJPHQWFRDWHGWKHRWKHUVLGHLVXQFRDWHGDQGWKXV
WKH WZR VLGHV KDYH GLIIHUHQW FKHPLFDO FRPSRVLWLRQ VWUXFWXUH DQG FRORXU EURZQ DQG ZKLWH
UHVSHFWLYHO\)LJ7KHSDSHUERDUGLVFRPSRVHGRIIRXUGLIIHUHQWOD\HUVDVVKRZQLQ)LJ
L WKHWRSOD\HUZKLFKLVFRDWHGE\ZKLWHSLJPHQWVDQGELQGHUVSUHFRDWHGVLGH
LL WKHGHQVHOD\HULVEOHDFKHGNUDIWSXOS
LLL WKHPLGGOHOD\HU LVDPL[WXUHRIXQEOHDFKHGNUDIWSXOSDQGFKHPLWKHUPRPHFKDQLFDOSXOS
&703
LY WKHERWWRPOD\HULVXQEOHDFKHGNUDIWSXOSRIDSLQHDQGVSUXFHVRIWZRRGPL[




)LJ7ZRVLGHRISDSHUERDUGLSUHFRDWHGVLGHLLXQFRDWHGVLGH
i ii 
 

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


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


)LJ6(0LPDJHVRISDSHUERDUG
D3UHFRDWHGVLGHE8QFRDWHGVLGHF&URVVVHFWLRQ

)LJXUHVKRZVVFDQQLQJHOHFWURQPLFURVFRSH6(0LPDJHVRISDSHUERDUG
DLVWKHSUHFRDWHGVLGHVLGHFRDWHGZLWKPLQHUDOSLJPHQWVZKLWHFRORXU
ELVXQFRDWHGVLGHEURZQ
FLVWKHFURVVVHFWLRQRIWKHSDSHUERDUGZKLFKLOOXVWUDWHVIRXUGLIIHUHQWOD\HUVLLLLLLDQG
LY
$VFDQEHREVHUYHGWKHSUHFRDWHGVLGHRIWKHSDSHUERDUGLVTXLWHVPRRWKWKHXQFRDWHGVLGHRI
WKHSDSHUERDUGLVYHU\URXJKFRQWDLQLQJODUJHILEUHV$URXJKVXUIDFHLVDGYDQWDJHRXVIRUWKH
PHFKDQLFDO DGKHVLRQ RI D SRO\PHU FRDWLQJ ,I WKH SRURXV VWUXFWXUH RI WKH SDSHUERDUG LV QRW
EDUULHUFRDWHGLWZLOOEHSHUPHDEOHIRUJDVHVDQGOLTXLGV



ED
L
LL
LLL
LY
F
 
6DPSOHSUHSDUDWLRQ
3.2.1. Preparation of polyethylene/ octa-(ethyl octadeca-10,13 dienoamide) silsesquioxane 
(Paper 1) 
%LR3266 RFWDHWK\O RFWDGHFD10,13 GLHQRDPLGH VLOVHVTXLR[DQHZDV ILUVW GULHG DW R& WR
IXOO\UHPRYHWKHK\GURFDUERQVROYHQW3RO\HWK\OHQHDQGGULHGELR3266ZHUHWKHQPHOWPL[HG
DWGLIIHUHQWUDWLRDQGLQDWZLQVFUHZFFPLFURH[WUXGHU
'600,',)LJ7KHSURGXFWZDVFXWLQWRPPOHQJWKSHOOHWV




 
 
 
 
 
)LJ$WZLQVFUHZFFPLFURH[WUXGHU'600,',
3.2.2. Preparation of polyethylene/[(3-(11-aminoundecanoyl) amino) propane-1-] 
silsesquioxane / ferric stearate compounds (Paper 3) 
7KH SURR[LGDQWPDVWHUEDWFK FRQWDLQLQJ IHUULF VWHDUDWH )H6WZDV FDOOHGPDVWHUEDWFK$ DQG
XVHG DV UHFHLYHG >DPLQRXQGHFDQR\O DPLQR SURSDQH@ VLOVHVTXLR[DQH DPLQR3266
ZDVGULHGDWR&WRIXOO\UHPRYHEXWR[\HWKDQROVROYHQW0DVWHUEDWFK%LQFOXGLQJZW
3(SRZGHUDQGZWGULHGDPLQR3266ZDVSUHSDUHGLQDWZLQVFUHZFFPLFURH[WUXGHU
'600,',$IWHUWKDWWKHPL[WXUHRI3($DQG%ZDVPHOWPL[HGDWGLIIHUHQWZHLJKW
UDWLRVHH7DEOH7KHILQDOSURGXFWZDVFXWLQWRPPOHQJWKSHOOHWV

 
7DEOH&RPSRVLWLRQVRI3(DPLQR3266)H6WFRPSRXQGV
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
  3(SHOOHW PE$ PE% &RPSRVLWLRQZW
 6DPSOHBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBB
 FRGH ZW  ZW ZW 3( )H6W DPLQR3266
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 3(       
        
        
        
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 
3.2.3. Preparation of thin film (Paper 1 and Paper 3) 
7KLQILOPZDVSUHSDUHGE\FRPSUHVVLRQPRXOGLQJRQDK\GUDXOLFFRPSUHVVRU)RQWLMQH7+
)LJ7KHFRQGLWLRQZDVVHWDWWKHWHPSHUDWXUHRIXSGRZQSODWHZDVR&R&DQGWKH
SUHVVXUHZDVNHSWDW03D7KHPRXOGGLPHQVLRQZDVîîPP








)LJ+\GUDXOLFFRPSUHVVRU)RQWLMQH7+
 
3.2.4. Compression moulding coating (Paper 1 and Paper 3) 
7KH ILOPV ZHUH FRDWHG RQ SDSHUERDUG E\ FRPSUHVVLRQ PRXOGLQJ FRDWLQJ XVLQJ D K\GUDXOLF
FRPSUHVVRU7KH WHPSHUDWXUHRI WKHXSGRZQSODWHZDVR&R&DQGR&R& DQG WKH
SUHVVXUHZDVNHSWDW03D)LJLOOXVWUDWHVWKHFRPSUHVVLRQPRXOGLQJFRDWLQJSURFHVV
 

)LJD6FKHPDWLFGUDZLQJRIFRPSUHVVLRQPRXOGLQJFRDWLQJ
E&URVVVHFWLRQRIVDPSOH
3.2.5. Preparation of solvent based coating (Paper 2)  
7KHFRDWLQJVROXWLRQZDVSUHSDUHGE\GLVVROYLQJELR3266LQWRWROXHQHVROYHQWDWDZHLJKWUDWLR
RI  RQ D PLFURZDYH V\QWKHVL]HU %LRWDJH ,QLWLDWRU  ILJXUH  7KH SDSHUERDUG ZDV
PRXQWHGRQDIODWVWHHOSODWHE\FODPSLQJWKHHGJHVRIWKHSDSHUERDUGWRLQKLELWZULQNOLQJRIWKH
SDSHUERDUG GXULQJ WKH FRDWLQJ SURFHVV DV LOOXVWUDWHG LQ ILJXUH  7KH FRDWLQJ VROXWLRQ ZDV
FRDWHGRQWKHSDSHUERDUGXVLQJD74&%DNHUILOPDSSOLFDWRU9)PPLQZLGWKȝPLQ
JDS









)LJ0LFURZDYHV\QWKHVL]HU%LRWDJH,QLWLDWRU
3(
3DSHUERDUG
E
ILOP
 300oC 
 
 
$OXPLQLXP
IRLO
3DSHUERDUG
 20oC 
3UHVVXUH
D
+\GUDXOLFFRPSUHVVRU
 
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



)LJ74&%DNHUILOPDSSOLFDWRUDQGIODWVWHHOSODWH
 
3.2.6. Preparation for water and water barrier test (Paper 3) 
7KHVSHFLPHQVIRUZDWHUDQGZDWHUEDUULHUWHVWZHUHVLPLODU$QDOXPLQLXPFXSPPLQ
LQQHU GLDPHWHU DQG  FP LQ GHSWK ZLWK DQ H[SRVXUH FRDWLQJ DUHD RI  PP ZDV
PRXQWHGRQWKHSDSHUERDUGDQGELR3266FRDWHGRQHV3RO\XUHWKDQHDGKHVLYHZDVXVHGWRVHDO
DQDOXPLQLXPFXSWRWKHSDSHUERDUGVHH)LJXUHD$VPDOOKROHZDVFDUYHGLQWKHWRSRIWKH
FXSWRILOOZDWHULQ$IWHUIXOO\ILOOLQJDERXWJGLVWLOOHGZDWHULQWRWKHFXSWKHKROHZDVWLJKWO\
VHDOHG E\ SRO\XUHWKDQH DGKHVLYH $W OHDVW WKUHH VSHFLPHQV ZHUH SUHSDUHG IRU HDFK WHVW 7KH
VSHFLPHQVZHUHWKHQSODFHGLQDFOLPDWHFKDPEHU.%)OLWUHV7HUPDNV$6VHWDW
RIUHODWLYHKXPLGLW\5+DQGR&$IDQZDVXVHGWRNHHSXQLIRUPFRQGLWLRQVIRUDOOWHVW
VSHFLPHQV 7KH DUUDQJHPHQW RI VSHFLPHQV IRU HDFK WHVW LV LOOXVWUDWHG LQ )LJ E L IRU WKH
ZDWHUEDUULHUWHVWWKHZDWHUVWD\VLQGLUHFWFRQWDFWZLWKWKHSDSHUERDUGLLIRUWKHZDWHUYDSRXU
EDUULHUWHVWOLTXLGZDWHUVWD\LQWKHERWWRPRIWKHWUD\DQGRQO\ZDWHUYDSRXULVLQFRQWDFWZLWK
WKHSDSHUERDUG7KHZHLJKWRIHDFKVSHFLPHQZDVPHDVXUHGDWKLQWHUYDOVIRUGD\V
$UHIHUHQFHVDPSOHZDVPDGHE\VXEVWLWXWLQJWKHSDSHUERDUGE\XVLQJDPLONFDUWRQIURP
7LQD$6ZKLFKLVȝPSRO\HWK\OHQHFRDWHGSDSHUERDUG 
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

)LJ6DPSOHSUHSDUDWLRQ
D$VFKHPDWLFGUDZLQJRIWKHVSHFLPHQWHVWIRUZDWHUSHUPHDELOLW\
DQGZDWHUYDSRXUSHUPHDELOLW\
E6SHFLPHQDUUDQJHPHQWLQFOLPDWHFKDPEHULIRUZDWHUEDUULHUWHVW
LLIRUZDWHUYDSRXUEDUULHUWHVW
3DSHUERDUG
:DWHU
3RO\XUHWKDQHDGKHVLYHD
$OXPLQLXP
FXS
KROH
L LL
E
 
&KDUDFWHUL]DWLRQPHWKRGV
3.3.1. Scanning Electron Microscopy (SEM)  
6FDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 LV DQ DQDO\WLFDO WHFKQLTXH WKDW SURGXFHV KLJK
PDJQLILFDWLRQLPDJHVXVLQJHOHFWURQVLQVWHDGRIOLJKW$EHDPRIHOHFWURQVKDYLQJHQHUJ\ZLWKLQ
WKHUDQJHNH9LVSURGXFHGDWWKHWRSRIWKHPLFURVFRSHE\DQHOHFWURQJXQ7KHHOHFWURQ
EHDPIROORZVDYHUWLFDOSDWKDWKLJKYDFXXPWKURXJKWKHPLFURVFRSH7KHEHDPWUDYHOVWKURXJK
HOHFWURPDJQHWLF ILHOGV DQG OHQVHVZKLFK IRFXV WKH EHDP GRZQ WRZDUG WKH VDPSOH2QFH WKH
EHDPKLWVWKHVDPSOHHOHFWURQVDQG;UD\VDUHHPLWWHGIURPWKHVDPSOH'HWHFWRUVFROOHFWWKHVH
;UD\VEDFNVFDWWHUHGHOHFWURQVDQGVHFRQGDU\HOHFWURQVDQGFRQYHUWWKHPLQWRVLJQDOVWKDWFDQ
EH VHQW WR D VFUHHQ VLPLODU WR D WHOHYLVLRQ VFUHHQ DQGRU D GLJLWDO SLFWXUH UHFRUGLQJXQLW7KLV
SURGXFHVWKHILQDOLPDJH
,Q3DSHUDQG3DSHU6(0ZDVSHUIRUPHGXVLQJD-(2/-60/9LQVWUXPHQWVHH)LJ
E WR VWXG\ WKHPRUSKRORJ\RI3(ELR3266 ILOPV DQG WKH FURVVVHFWLRQRI WKHSDSHUERDUG
UHVSHFWLYHO\








)LJD6FKHPDWLFGLDJUDPRIDVFDQQLQJHOHFWURQPLFURVFRSHDGDSWHGIURP>@
E6(0LQVWUXPHQW-(2/-60/9
3.3.2. Optical microscopy   
7KHRSWLFDOOLJKWPLFURVFRSHLVDQRWKHULPSRUWDQWWRROIRUWKHVWXGLHVRIPLFURVWUXFWXUH,WXVHV
YLVLEOH OLJKW DQGD V\VWHPRI OHQVHV WRPDJQLI\ LPDJHVRI VPDOO VDPSOHV7KH LPDJH IURPDQ
D
E
 
RSWLFDOPLFURVFRSHFDQEHFDSWXUHGE\QRUPDOOLJKWVHQVLWLYHFDPHUDVWRJHQHUDWHDPLFURJUDSK
2ULJLQDOO\LPDJHVZHUHFDSWXUHGE\SKRWRJUDSKLFILOPEXWGHYHORSPHQWVLQ&026DQGFKDUJH
FRXSOHGGHYLFH&&'FDPHUDVDOORZWKHFDSWXUHRIGLJLWDOLPDJHV>@






 
)LJ7KHRSWLFDOPLFURVFRSH/HLFD0ILWWHGZLWK
GLJLWDOPLFURVFRSHFRORXUFDPHUD,PDJH/HLFD')&
2SWLFDOPLFURVFRS\)LJXUHZDVXVHGWRH[DPLQHWKHWRSVXUIDFHRIWKH3(ELR3266EOHQG
ILOPVIUDFWXUHVXUIDFHRIWKHGHERQGHGILOPVDIWHU7SHHOWHVWLQ3DSHUWRSVXUIDFHDQGFURVV
VHFWLRQRIWKHELR3266FRDWHGSDSHUERDUGVLQ3DSHU
3.3.3. Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) spectroscopy   
$WWHQXDWHGWRWDOUHIOHFWDQFH$75LVDQDQDO\WLFDOWHFKQLTXHXVHGLQFRQMXQFWLRQZLWKLQIUDUHG
VSHFWURVFRS\ZKLFKHQDEOHVVDPSOHVWREHGLUHFWO\H[DPLQHGLQWKHVROLGRUOLTXLGVWDWHZLWKRXW
IXUWKHUSUHSDUDWLRQ
$Q $75 LQVWUXPHQW RSHUDWHV E\ PHDVXULQJ WKH FKDQJHV WKDW RFFXU LQ D WRWDOO\ LQWHUQDOO\
UHIOHFWHGLQIUDUHGEHDPZKHQWKHEHDPFRPHVLQWRFRQWDFWZLWKDVDPSOHDVLOOXVWUDWHGLQ)LJ
7KHFU\VWDOPDWHULDOVIRU$75DUH=LQF6HOHQLGH=Q6H*HPDQLXP*HRUGLDPRQG7KH
UHIUDFWLYHLQGH[RIWKH$75FU\VWDOLVW\SLFDOO\LQWKHUDQJHRI±DWFP7KH$75
FU\VWDOPXVWEHFOHDQHGEHIRUHLQVHUWLQJDVDPSOH
,Q WKLV VWXG\ $75)7,5 ZDV XVHG WR FKDUDFWHUL]H WKH VXUIDFH FKDUDFWHULVWLFV RI
SRO\HWK\OHQHELR3266EOHQGV LQ3DSHU  WRS VXUIDFH RI WKH ELR3266FRDWHGSDSHUERDUG LQ
3DSHUDQGSRO\HWK\OHQHDPLQR3266)H6WFRPSRXQGVLQ3DSHU
 



 
 
 
 


)LJ D3HUNLQ(OPHU)7,56SHFWUXP2QHZLWK$75SODWH
E$PXOWLSOHUHIOHFWLRQ$75V\VWHPDQGFOLJKWSDWKLQWKH$75WHFKQLTXHDGDSWHGIURP>@
 
 
3.3.4. Nuclear magnetic resonance (1H NMR) spectroscopy 
1XFOHDU PDJQHWLF UHVRQDQFH 105 VSHFWURVFRS\ LV D UHVHDUFK WHFKQLTXH WKDW H[SORLWV WKH
PDJQHWLF SURSHUWLHV RI FHUWDLQ DWRPLF QXFOHL WR GHWHUPLQH WKH VWUXFWXUH RI XQNQRZQ RUJDQLF
FRPSRXQGV  :KHQ SODFHG LQ D PDJQHWLF ILHOG 105 DFWLYH QXFOHL DEVRUE HOHFWURPDJQHWLF
UDGLDWLRQDWDIUHTXHQF\FKDUDFWHULVWLFRIWKHLVRWRSH7KHPRVWFRPPRQO\VWXGLHGQXFOHXVLV+
FRUUHVSRQGLQJZLWK+105+105VSHFWUDRIPRVWRUJDQLFFRPSRXQGVDUHFKDUDFWHUL]HGE\
FKHPLFDO VKLIWV LQ WKH UDQJH WR±SSPDQGE\ VSLQVSLQ FRXSOLQJEHWZHHQSURWRQV7KH
LQWHJUDWLRQZKLFKEXLOGVXSWKH105VSHFWUXPUHIOHFWVWKHQXPEHURISURWRQVWKDWKDVWKHVDPH
FKHPLFDOHQYLURQPHQWLQWKHPROHFXOHV>@
6ROLG DQG OLTXLG VWDWH 105 LV WZR NLQGV RI 105 VSHFWURVFRS\ 6ROLG VWDWH 105 LV
FKDUDFWHUL]HGE\WKHSUHVHQFHRIDQLVRWURSLFGLUHFWLRQDOO\GHSHQGHQWLQWHUDFWLRQV/LTXLGVWDWH
105UHTXLUHVWKDWWKHPDWHULDOLVVROXEOHLQWRDVROYHQWVXFKDV&'&O7KHOLTXLGVWDWH105
VSHFWUD FRQVLVW RI D VHULHV RI YHU\ VKDUS WUDQVLWLRQV GXH WR DYHUDJLQJ RI DQLVRWURSLF 105
LQWHUDFWLRQVE\UDSLGUDQGRPWXPEOLQJ:KHUHDVVROLGVWDWH105VSHFWUDDUHYHU\EURDGDVWKH
IXOO HIIHFWV RI DQLVRWURSLF RU RULHQWDWLRQGHSHQGHQW LQWHUDFWLRQV DUH REVHUYHG LQ WKH VSHFWUXP
+LJKUHVROXWLRQ105VSHFWUDFDQSURYLGHWKHVDPHW\SHRILQIRUPDWLRQWKDWLVDYDLODEOHIURP
FRUUHVSRQGLQJ OLTXLG VWDWH 105 VSHFWUD EXW D QXPEHU RI VSHFLDO WHFKQLTXHVHTXLSPHQW DUH
F
E
D
 
QHHGHG LQFOXGLQJPDJLFDQJOHVSLQQLQJFURVVSRODUL]DWLRQVSHFLDO'H[SHULPHQWVHQKDQFHG
SUREHHOHFWURQLFVHWF>@ 

 
 
 
 
 
 
)LJ%UXNHU$YDQFH,,,VSHFWURPHWHU
,Q3DSHUVROLGVWDWHDQGKLJKUHVROXWLRQ OLTXLG+105VSHFWURVFRS\ZHUHSHUIRUPHGRQD
%UXNHU$YDQFH,,,VSHFWURPHWHUVHH)LJWRFKDUDFWHUL]HWKHELR3266FRDWLQJOD\HU 
3.3.5. Adhesion testing  
$GKHVLRQWHVWLQJRUSHHO WHVWLQJLVDPHWKRGWRFKDUDFWHUL]HWKHDGKHVLRQEHWZHHQOD\HUV,W LV
XVHG H[WHQVLYHO\ WR HYDOXDWH WKH ERQGLQJ VWUHQJWK RI WDSH DGKHVLYHV DQG IOH[LEOH VXEVWUDWHV
LQFOXGLQJUXEEHUILOPVELRPDWHULDOVGHQWDOPDWHULDOVPHGLFDOSDFNDJLQJDQGFRQVXPDEOHV,W
LVSHUIRUPHGE\DSSO\LQJDSHHOLQJWHQVLRQORDGWRWKHVSHFLPHQDWYDULRXVDQJOHVDQG
EHLQJWKHPRVWFRPPRQ7KHVSHFLPHQLVSXOOHGDWDFRQVWDQWVSHHGXQWLOHLWKHUWKHVDPSOHLV
VSOLWRUIDLOV3DUDPHWHUVVXFKDVSHDNSHHOORDGDYHUDJHSHHOVWUHQJWKDQGVWDWLVWLFDOPHDVXUHV
RI SHHO VWUHQJWK YDULDELOLW\ DUH W\SLFDOO\ XVHG WR FKDUDFWHUL]H EHKDYLRXU XQGHU SHHO ORDGLQJ
7\SHVRIIDLOXUHDUHQRWHGDVFRKHVLYHDGKHVLYHRUVXEVWUDWHIDLOXUH>@
,Q 3DSHU  DQG 3DSHU  WKH DGKHVLRQ EHWZHHQ 3(FRQWDLQLQJ ILOP DQG WKH SDSHUERDUG ZDV
HYDOXDWHGE\WKH7SHHO WHVWDWRDQGDSHHOUDWHRIPPPLQRQD WHVWLQJGHYLFH=ZLFK
=VHH)LJ7KHWHVWLQJZDVGRQHDWR&DQG5+
3.3.6. Tensile testing 
 
$ WHQVLOH WHVW LV XVHG WR GHWHUPLQH WKH PRGXOXV RI HODVWLFLW\ HODVWLF OLPLW HORQJDWLRQ
SURSRUWLRQDOOLPLWWHQVLOHVWUHQJWKDQG\LHOGVWUHQJWK7KHUHVXOWRIDWHQVLOHWHVWLVDORDGYHUVXV
HORQJDWLRQ FXUYHZKLFK LV WKHQ FRQYHUWHG LQWR D VWUHVV YHUVXV VWUDLQ FXUYH VHH)LJ 7KH
WHQVLOHWHVWLQJLVIROORZHGWKH,62VWDQGDUG>@
,Q WKLV VWXG\ WKH WHQVLOH WHVWZDVSHUIRUPHGRQD=ZLFK= WHVWLQJGHYLFH VHH)LJ WR
GHWHUPLQH WKHHIIHFWRI3266FRPSRXQGVRQ WKHPHFKDQLFDOSURSHUWLHVRI WKH3(3266ILOPV
3(ELR3266ILOPVLQ3DSHUDQG3(DPLQR3266ILOPVLQ3DSHU 
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


)LJD6FKHPDWLFGUDZLQJRI7SHHOWHVWE7HVWLQJGHYLFH=ZLFK=
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)LJ$W\SLFDOVWUHVV±VWUDLQFXUYHDGDSWHGIURP>@
8OWLPDWHVWUHQJWK<LHOGVWUHQJWK5XSWXUH6WUDLQKDUGHQLQJUHJLRQ
1HFNLQJUHJLRQ$(QJLQHHULQJVWUHVV%$FWXDOVWUHVV
7RWDOHORQJDWLRQ
3HHOIRUFH
3DSHUERDUG
3RO\PHU
3HHODQJOH
 R
D
,QWHUIDFH
E
 
3.3.7. Carbonyl index 
$ FDUERQ\O LQGH[ &, FDQ EH XVHG WR GHWHUPLQH WKH DPRXQW RI HDFK RI WKH FDUERQ\O JURXSV
IRUPHGGXULQJWKHR[LGDWLRQRIDSRO\PHU7KLVLVGRQHE\DQDO\]LQJWKH$75)7,5VSHFWUDRI
WKHSRO\PHULFILOP&,LVFDOFXODWHGDVWKHUDWLRRIWKHDEVRUEDQFH$RIWKHFDUERQ\ODEVRUSWLRQ
EDQGLQWKH±FPUHJLRQDQG&+VFLVVRULQJDWFPLQWKHVSHFWUXP


 

  cm
cm
A
C I
A


 (T>@
7KHSHDNVDWDQGFPLQWKHFDUERQ\OUDQJHDUHDWWULEXWHGWRHVWHUNHWRQHDQG
DFLGJURXSUHVSHFWLYHO\
,Q 3DSHU &,ZDV XVHG WR DVVHVV WKH IRUPDWLRQ RI FDUERQ\O JURXSV DW  FP GXULQJ WKH
WKHUPDOR[LGDWLRQRI3(DPLQR3266)H6WILOPV
3.3.8. Melt flow index (MFI) 
0HOWIORZLQGH[0),LVDQDVVHVVPHQWRIDYHUDJHPROHFXODUPDVVDQGLVDQLQYHUVHPHDVXUHRI
WKHPHOW YLVFRVLW\7KHKLJKHU D0), WKHHDVLHU WKHSRO\PHU IORZVXQGHU WKH WHVW FRQGLWLRQV
.QRZLQJ WKH 0), RI D SRO\PHU LV YLWDO WR DQWLFLSDWLQJ DQG FRQWUROOLQJ LWV SURFHVVLQJ 7KH
IDFWRUV WKDWFDQDIIHFWIORZSURSHUWLHVRIDSRO\PHU LQFOXGHPROHFXODUZHLJKWGLVWULEXWLRQ WKH
SUHVHQFHRIFRPRQRPHUVWKHGHJUHHRIFKDLQEUDQFKLQJDQGFU\VWDOOLQLW\>@
7KH0),LVFDOFXODWHGDVWKHDPRXQWLQJUDPPHVRIDSRO\PHUWKDWLVH[WUXGHGRXWGXULQJ
PLQXWHV WKURXJK D VWDQGDUGGLH RI PP LQ GLDPHWHU DQGPP LQ OHQJWKZKHQ D IL[HG
SUHVVXUHLVDSSOLHGWRWKHPHOWYLDDSLVWRQDQGDORDGRIWRWDOPDVVRINJDWDWHPSHUDWXUH
RI & VRPH SRO\PHUV DUHPHDVXUHG DW D KLJKHU WHPSHUDWXUH DW GLIIHUHQW ZHLJKWV DQG DW
GLIIHUHQWRULILFHVL]HV
$YHUDJHH[WUXGDWHZHLJKW0), 7LPH JPLQ(T
,QWKLVVWXG\WKHHIIHFWRIDGGLQJELR3266LQ3DSHUDQGDPLQR3266LQ3DSHURQWKH
PHOWIORZSURSHUW\RI3(ZDVLQYHVWLJDWHGE\XVLQJWKH0),PHWKRGRQDWHVWGHYLFH'DYHQSRUW
VHH)LJ


 

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)LJ7HVWGHYLFH'DYHQSRUW
 
3.3.9. Barrier properties 
a) Water transmission rate (WTR)  
7KH SXUH ZDWHU WUDQVPLVVLRQ UDWH LV GHILQHG DV WKH DPRXQW RI ZDWHU WKDW SDVVHV WKURXJK D
PHPEUDQHSHUXQLWWLPHDQGSHUXQLWDUHD7KH:75LVFDOFXODWHGDV
tAWWWTR    JPGD\(T
ZKHUH:75LV WKH UDWHRIZDWHUSDVVHG WKURXJK WKHVXEVWUDWH:DQG:DUH WKHZHLJKWV LQ
JUDPV RI WKH VDPSOH KROGHU ZKLFK LV VHDOHG E\ WKH WHVWHG VDPSOH DQG FRQWDLQ OLTXLG ZDWHU
EHIRUH DQG DIWHUZDWHU SHUPHDELOLW\ WHVW GXULQJ WKH WLPHSHULRG W GD\V DQG$ LV WHVWHG DUHD
P
b) Water vapour transmission rate (WVTR) 
:DWHU YDSRXU WUDQVPLVVLRQ UDWH :975PHDVXUH WKH DELOLW\ RIPRLVWXUH WUDQVSRUW WKURXJK D
VKHHW PDWHULDO RI VSHFLILF WKLFNQHVV DQG VWHDG\ VWDWH FRQGLWLRQV $FFRUGLQJ WR WKH $670
((0>@:975LVPHDVXUHGDWR&ZLWKDVXUURXQGLQJDWPRVSKHUHRIUHODWLYH
KXPLGLW\ 5+ DQG DQ DWPRVSKHUH RI  5+ DQG R& LQVLGH WKH WHVW FXS 7KH UHVXOW LV
UHSRUWHG DVJUDPVSHU VTXDUHPHWHU RYHU D KUV&DOFXODWLRQRI WKH:975 LV H[SUHVVHG DV
IROORZV
tAGWVTR  JPGD\(T
ZKHUH:975LVUDWHRIZDWHUYDSRXU WUDQVPLVVLRQ*LVZHLJKWFKDQJH LQJUDPVIRU WKH WLPH
SHULRGW$LVWHVWDUHDP
 
c) Water vapour permeability (WVP) 
7KHZDWHUYDSRXUSHUPHDELOLW\:93JPPGD\3DZDVFDOFXODWHGDV
 
 
  
WVTR L WVTR LWVP
p S R R
  ' (T
ZKHUH :975 LV WKH PHDVXUHG ZDWHU YDSRXU WUDQVPLVVLRQ UDWH JPGD\ WKURXJK WKH
SDSHUERDUG/LVWKHPHDQWKLFNQHVVPRIWKHSDSHUERDUGDQGǻSLVYDSRXUSUHVVXUHGLIIHUHQFH
DFURVVWZRVLGHVRIWKHSDSHUERDUG6LVVDWXUDWLRQYDSRXUSUHVVXUHDWWKHWHVWWHPSHUDWXUHDQG
FDOFXODWHGDV H[S   S T  ZKHUH7LV.HOYLQWHPSHUDWXUH5DQG5LVUHODWLYH
KXPLGLW\RXWVLGHDQGLQVLGHWKHWHVWFXS>@
,Q 3DSHU :75:975 DQG:93 RI SDSHUERDUG DQG ELR3266 FRDWHG SDSHUERDUGV ZHUH
UHVSHFWLYHO\PHDVXUHG
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
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
 
&KDSWHU
6800$5,(62)7+($33(1'('3$3(56


 3RO\HWK\OHQHRFWDHWK\O RFWDGHFD GLHQRDPLGH VLOVHVTXLR[DQH EOHQGV DQG WKH
DGKHVLRQVWUHQJWKWRSDSHUERDUG3DSHU
$GKHVLRQ EHWZHHQ SRO\HWK\OHQH 3( DQG SDSHUERDUG LV DQ LPSRUWDQW SURSHUW\ RI 3( FRDWHG
SDSHUERDUG IRU IRRG SDFNDJLQJ 7KH DGKHVLRQ FDQ EH DIIHFWHG E\ VXUIDFH WUHDWPHQW RI WKH
SDSHUERDUG RU PRGLI\LQJ WKH 3( FRQWDLQLQJ OD\HU SULRU WR FRDWLQJ ,Q 3DSHU  WKH DGKHVLRQ
SURSHUW\RI3(FRDWHGSDSHUERDUGZDVH[DPLQHGDQGWKHHIIHFWRIPRGLI\LQJWKH3(FRQWDLQLQJ
OD\HUXVLQJELR3266RFWDHWK\ORFWDGHFD10,13GLHQRDPLGHVLOVHVTXLR[DQHZDVLQYHVWLJDWHG
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)LJ$GKHVLRQVWUHQJWKRI3(ELR3266EOHQGVWRSDSHUERDUGZKHQFRDWHGDWD
R&R&DQGER&R&

$IWHUGU\LQJDWR&IRUKUVELR3266ZDVPL[HGZLWKSRO\HWK\OHQHDWGLIIHUHQWUDWLRV7KH
3(ELR3266SURGXFWVZHUHFRDWHGRQWKHSDSHUERDUGE\FRPSUHVVLRQPRXOGLQJFRDWLQJ7KH
7SHHOWHVWVKRZHGWKDWORZFRQWHQWRIELR3266VLJQLILFDQWO\LPSURYHGWKHDGKHVLRQVWUHQJWK
EHWZHHQ3(DQGWKHSDSHUERDUGDWZWDQGZWELR3266ZKHQFRDWLQJWHPSHUDWXUHZDV
R&R&DQGR&R& UHVSHFWLYHO\+RZHYHU ORDGLQJELR3266FRQWHQW DERYHZW
GUDPDWLFDOO\GHFUHDVHGWKHDGKHVLRQRIWKHEOHQGVWRSDSHUERDUGVHH)LJXUH
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2SWLFDOPLFURVFRS\RI WKH IUDFWXUH VXUIDFHV VKRZHG WKDW WKH IDLOXUHRI WKH DGKHVLYH MRLQWZDV
ORFDWHGDWWKHLQWHUIDFHEHWZHHQWKHILOPVDQGWKHSDSHUERDUGDSSDUHQWO\LQWHUIDFLDOIDLOXUHDV
FDQEHVHHQLQ)LJXUH
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)LJ6DPSOHRI3(ELR3266EOHQGVFRDWHGSDSHUERDUGDIWHUSHHOLQJDDQGW\SLFDOIUDFWXUH
VXUIDFHRIEOHQGVLGHZLWKILEUHWHDUHIIHFWE

7KHLQWHUDFWLRQDWWKHLQWHUIDFHEHWZHHQWKHEOHQGVDPLGHJURXSDQGWKHSDSHUERDUGK\GUR[\O
JURXSDQGPHFKDQLFDO LQWHUORFNVZHUH WKHSUREDEOH UHDVRQV IRUDGKHVLRQ LPSURYHPHQW6XFK
LQWHUIDFLDO LQWHUDFWLRQ OHDGV WR DQ DOWHUDWLRQ LQ WKH EDQG VKDSHV LQ WKH $75)7,5 VSHFWUD RI
DPLGHJURXSVRIWKHEOHQGVDQGK\GUR[\OJURXSVRIWKHSDSHUERDUGLQ)LJXUHDWKHLQWHQVLW\
UDWLR,D,,D,,EHWZHHQDPLGH,QHDUFPDQGDPLGH,,QHDUFP LVDOZD\VKLJKHU
WKDQ WKHEOHQGVEHIRUHFRDWLQJRQ WKH  IUDFWXUHVXUIDFH )LJXUHE VXFK UDWLRYDULHVRQ
ELR3266 FRQWHQWV ,D,,D,,  ZW ,D,,D,, !  ZW WKH VSHFWUD RI WKH  WRS
VXUIDFHV)LJXUHFDUHUHODWLYHO\VLPLODUWRWKRVHEHIRUHFRDWLQJ)LJD,D,LVDOZD\VKLJKHU
WKDQ,D,,
7KH LQWHUIDFLDO LQWHUDFWLRQ EHWZHHQ DPLGH JURXSV RI WKH EOHQGV DQG K\GUR[\O JURXSV RI WKH
SDSHUERDUGFRXOGDOVRDOWHUWKHK\GUR[\OEDQG$VFDQEHVHHQLQ)LJXUHWKHVSHFWUXPDEF
VKRZVDOLWWOHFKDQJHLQWKHEDQGVKDSHRI2+DVDQXQVPRRWKFXUYHRI2+EDQG:KHUHDVWKH
EDQGVKDSHVRI2+JURXSLQWKHVSHFWUXPGHDQGIDUHUHODWLYHO\VLPLODUWRWKDWRI2+LQWKH
UHIHUHQFHSDSHUERDUGUHIOHFWLQJDQLQFRQVLGHUDEOHLQWHUDFWLRQ
,Q FRQFOXVLRQ ELR3266 RFWDHWK\O RFWDGHFD10,13 GLHQRDPLGH VLOVHVTXLR[DQH FDQ EH DQ
HIIHFWLYH DGGLWLYH LQ LPSURYLQJ WKH DGKHVLRQ SURSHUW\ RI IRRG SDFNDJLQJPDWHULDO 3(FRDWHG
SDSHUERDUG

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)LJ$75)7,5VSHFWUDRI3(ELR3266EOHQGVLQWKHUHJLRQFPDEHIRUH
FRDWLQJDQGDIWHUFRDWLQJEVLGHFRQWDFWZLWKSDSHUERDUGFVLGHFRQWDFWZLWKPRXOG
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)LJ$75)7,5VSHFWUXPRIUHIHUHQFHSDSHUERDUGDQGIUDFWXUHVXUIDFHSDSHUERDUGVLGHDIWHU
SHHOLQJEOHQGILOPVZLWKELR3266FRQWHQW
DEFGHI
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(IIHFWVRIK\GURSKRELFSRO\KHGUDOROLJRPHULFVLOVHVTXLR[DQHFRDWLQJRQZDWHUYDSRXU
EDUULHUDQGZDWHUUHVLVWDQFHSURSHUWLHVRISDSHUERDUG3DSHU
7KHVXEVWLWXWLRQRIIRVVLOEDVHGSDFNDJLQJPDWHULDOVZLWKPDWHULDOVIURPUHQHZDEOHVRXUFHVLVD
WRSLF RI FXUUHQW LQWHUHVW 3RO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQHV ZLWK IDWW\ DFLG PRLHWLHV FDQ
KDYHD UHQHZDEOH UDZPDWHULDOFRQWHQWRIPRUH WKDQDQGDUH WKHUHIRUHFDOOHGELR3266
7KHREMHFWLYHRI3DSHUZDVWRH[DPLQHKRZELR3266RFWDHWK\OHUXFDPLGHVLOVHVTXLR[DQH
FRDWLQJLQIOXHQFHVWKHZDWHUUHVLVWDQFHDQGZDWHUYDSRXUEDUULHUSURSHUWLHVRISDSHUERDUG
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)LJ:DWHUSHUPHDELOLW\RIELR3266FRDWHGSDSHUERDUGD8QFRDWHGSDSHUERDUG
E5HIHUHQFHVDPSOHF6LQJOHFRDWHG,²G'RXEOHFRDWHG,,ņH7ULSOHFRDWHG,,,ŷ

%\OLTXLGFRDWLQJELR3266RQSDSHUERDUGDSSUR[ȝPLQFRDWLQJWKLFNQHVVDQLQFUHDVHLQ
WKHZDWHU UHVLVWDQFHDQG WKHZDWHUYDSRXUEDUULHUSURSHUWLHVRI WKHSDSHUERDUGZHUHREWDLQHG
)XUWKHULPSURYHPHQWZDVDFKLHYHGE\GU\LQJWKHELR3266FRDWLQJOD\HUDWR&(VSHFLDOO\
WKHZDWHU UHVLVWDQFH DQG WKHZDWHUYDSRXUEDUULHUSURSHUWLHVRISDSHUERDUGZHUHFRQVLGHUDEO\
HQKDQFHGE\PXOWLSOHFRDWLQJVHH)LJXUHDQG
7DEOHVKRZVWKHZDWHUWUDQVPLVVLRQUDWH:75DQGZDWHUYDSRXUWUDQVPLVVLRQUDWH:975
RI SDSHUERDUG EHIRUH DQG DIWHU ELR3266 FRDWLQJ +LJK :75 DQG :975 RI WKH XQFRDWHG
SDSHUERDUG UHIOHFW WKDW WKH XQFRDWHG SDSHUERDUG KDV DQ LQKRPRJHQHRXV SRURXV VWUXFWXUH ,W
OHDGV WR D KLJK VWDQGDUG GHYLDWLRQ RI :75 DQG :975 RI WKH XQFRDWHG SDSHUERDUG 7KH
VWDQGDUGGHYLDWLRQVDUHGHFUHDVHGZKHQELR3266ZDVFRDWHGRQWKHSDSHUERDUGHVSHFLDOO\E\
:DWHUSHUPHDELOLW\WHVW
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PXOWLSOHFRDWLQJ7KHVWUXFWXUHRI WKHSDSHUERDUGEHFDPHPRUHKRPRJHQHRXVZLWKELR3266
FRDWLQJ
6LJQLILFDQWHQKDQFHPHQWLQWKHZDWHUUHVLVWDQFHDQGZDWHUYDSRXUEDUULHUSURSHUWLHVE\PXOWLSOH
FRDWLQJZDVGXHWRWKHLQFUHDVHLQWKHFRDWLQJOD\HUWKLFNQHVV7KHWKLFNHUFRDWLQJOD\HUFRQWDLQV
OHVVSRUHVDQGGHSUHVVLRQVRQLWVWRSFRDWHGVXUIDFHDVVHHQXVLQJWKHSLQKROHWHVW
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)LJ:DWHUYDSRXUSHUPHDELOLW\RIELR3266FRDWHGSDSHUERDUGD8QFRDWHGSDSHUERDUG
E5HIHUHQFHVDPSOHF6LQJOHFRDWHG,²G'RXEOHFRDWHG,,ņH7ULSOHFRDWHG,,,ŷ

7DEOH:DWHU WUDQVPLVVLRQ UDWH :75DQGZDWHUYDSRXU WUDQVPLVVLRQ UDWH :975RIELR
3266FRDWHGSDSHUERDUG
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
6XEVWUDWH  :75JPGD\ :975JPGD\  
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
3DSHUERDUG    
Single coating (I²)  
 ,FRDWHG    
 ,GULHG    
 ,89WUHDWHG   
Double coating (IIņ) 
,,FRDWHG   
,,GULHG    
,,89WUHDWHG   
Triple coating (IIIŷ)  
,,,FRDWHG   
,,,GULHG   
,,,89WUHDWHG   
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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$FURVVOLQNLQJ UHDFWLRQEHWZHHQ WKHGRXEOHERQGRIELR3266¶VRUJDQLFJURXSVFRXOGQRWEH
IRXQGE\XVLQJVROLGVWDWH+105RIWKHSRVWWUHDWHGFRDWLQJOD\HU,QILJXUHWKHSHDNDW
SSPZDVDWWULEXWHGWRK\GURJHQ+DWWDFKHGWRGRXEOHERQG& &WKDWZDVVLPLODULQWKH
VSHFWUDRIVDPSOHV
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)LJ6ROLGVWDWH+105VSHFWUXPRIELR3266OD\HU57GU\DWURRPWHPSHUDWXUH
'5<&GULHGDWR&8989WUHDWHG


,QDGGLWLRQELR3266RFWDHWK\OHUXFDPLGHVLOVHVTXLR[DQHFRDWLQJVXFFHVVIXOO\LPSURYHVWKH
ZDWHUUHVLVWDQFHDQGZDWHUYDSRXUEDUULHUSURSHUWLHVRISDSHUERDUG
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(IIHFWVRIDSURR[LGDQWDGGLWLYHRQWKHDGKHVLRQRISRO\HWK\OHQHDPLQRIXQFWLRQDOL]HG
3266FRPSRXQGVWRSDSHUERDUG3DSHU
7KH LQWURGXFWLRQ RI D SURR[LGDQW DGGLWLYH VXFK DV D WUDQVLWLRQ PHWDO VDOW FDQ SURPRWH WKH
GHJUDGDWLRQ RI SRO\HWK\OHQH UHVXOWLQJ LQ D IRUPDWLRQ RI FDUERQ\O JURXSV & 2 RQ WKH 3(¶V
VXUIDFH7KHVXUIDFHSRODULW\RI3(LQFUHDVHVOHDGLQJWRDQLPSURYHPHQWLQDGKHVLRQZKHQ3(
LV FRDWHG RQ ERDUG 7KH REMHFWLYH RI 3DSHU ZDV WR LQYHVWLJDWH WKH HIIHFW RI IHUULF VWHDUDWH
)H6W RQ WKH GHJUDGDWLRQ RI SRO\HWK\OHQH LQ FRPSRXQG ZLWK DPLQR IXQFWLRQDOL]HG 3266
3(DPLQR32667KHHIIHFWRQWKHDGKHVLRQRIWKHILOPVWRSDSHUERDUGZDVDOVRLQYHVWLJDWHG
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)LJ(IIHFWRIWKHUPDODJLQJRQWKHXOWLPDWHWHQVLOHVWUHQJWKD
DQGHORQJDWLRQDWEUHDNERI3(DPLQR3266)H6WILOPV
3(DPLQR3266)H6W FRPSRXQGV ZHUH SUHSDUHG E\ PHOW PL[LQJ WKH PL[WXUH RI 3(
PDVWHUEDWFK DPLQR32663( PDVWHUEDWFK )H6W3( LQ GLIIHUHQW ZHLJKW UDWLRV RQ PLFUR
H[WUXGHU 7KH 3(DPLQR3266)H6W FRPSRXQGVZHUH FRQYHUWHG WR WKLQ ILOPV DQG WKHUPDOO\
DJHG DW R& LQ DQ DLU FLUFXODWLRQ RYHQ 7KH PHFKDQLFDO WHVWLQJ VKRZHG WKDW WHQVLOH \LHOG
VWUHQJWK RI WKH ILOPV ZDV VOLJKWO\ GHFUHDVHG ZLWK LQFUHDVLQJ DPLQR3266 FRQWHQW DQG WKH
WKHUPDODJLQJWLPH(ORQJDWLRQDWEUHDNZDVPRGHUDWHO\GHFUHDVHGEXWVWLOONHSWDERYHDV
VKRZQ LQ ILJXUH  VDPSOH FRGH   DQG  FRUUHVSRQGV ZLWK WKH VDPSOH
FRQWDLQLQJZW)H6WDQGDQGZWDPLQR3266UHVSHFWLYHO\
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7KHFRPSRXQGVZHUHFRDWHGRQSDSHUERDUGE\FRPSUHVVLRQPRXOGLQJ7KHDGKHVLRQVWUHQJWK
GHWHUPLQHGE\7SHHOWHVWLQJZDVGHFUHDVHGZLWKLQFUHDVLQJDPLQR3266FRQWHQW:KHQWKH
FRPSRXQGVZHUHWKHUPDOO\DJHGDWR&LQDLUFLUFXODWLRQRYHQSULRU WRFRDWLQJ WKHDGKHVLRQ
ZDV LQFUHDVHGZLWK WKH WKHUPDODJHLQJ WLPH7KH LPSURYHPHQW LQDGKHVLRQZDVXS WRDSSUR[
 LQ WKH VDPSOH RI WKH DJHG FRPSRXQGV  3( ZW DPLQR3266 ZW )H6W
FRDWHGSDSHUERDUGDVLOOXVWUDWHGLQILJXUH
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)LJ$GKHVLRQVWUHQJWKRI3()H6WDPLQR3266FRPSRXQGVWRSDSHUERDUG
'XULQJWKHUPDODJHLQJWKHSRO\PHUFKDLQVFLVVLRQRFFXUUHGOHDGLQJWRDQLQFUHDVHLQWKH0),
RIWKHFRPSRXQGVILJXUH&DUERQ\OJURXSZDVIRUPHGRQWKHVXUIDFHRIWKHILOPGXHWRDQ
R[LGDWLYHGHJUDGDWLRQDV LGHQWLILHGE\$75)7,5)LJ7KHFDOFXODWLRQRI WKH&,VKRZV
WKDWWKHFDUERQ\OJURXSZDVLQFUHDVHGZLWKWKHWKHUPDODJLQJWLPHDQGWKHR[LGDWLYHGHJUDGDWLRQ
RI3(ZDVOLPLWHGE\DPLQR3266VHHILJXUH
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)LJ$75)7,5VSHFWUDRIWKHFRPSRXQGVEHIRUHDQGDIWHUWKHUPDODJHLQJ

7KH IRUPDWLRQ RI FDUERQ\O JURXSV FDQ OHDG WR DQ LQFUHDVH LQ WKH VXUIDFH SRODULW\ RI WKH
3(DPLQR3266)H6W:KHQWKHFRPSRXQGVZHUHFRDWHGRQSDSHUERDUGLQWHUIDFLDOLQWHUDFWLRQ
EHWZHHQ & 2 RI WKH FRPSRXQGV DQG 2+ RI SDSHUERDUG PD\ RFFXU WKHUHE\ LPSURYLQJ WKH
DGKHVLRQ )XUWKHUPRUH LPSURYHGPHFKDQLFDO DGKHVLRQ E\ LPSURYHGPHFKDQLFDO LQWHUORFNLQJ
FRXOGEHDUHDVRQIRUWKHDGKHVLRQLPSURYHPHQW
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7KLVWKHVLVDGGUHVVHVWKHDGKHVLYHDQGEDUULHUSURSHUWLHVRIFRDWLQJVRQSDSHUPDWHULDOVZKLFK
FRQWDLQ GLIIHUHQW 3266 PDWHULDOV ,Q WKLV FKDSWHU WKH PHFKDQLVPV EHKLQG WKH REVHUYHG
EHKDYLRXUZLOOEHGLVFXVVHGIRUWKHGLIIHUHQWH[SHULPHQWVVHHQLQFRQQHFWLRQ
,Q FKDSWHU WKUHH WKH GLIIHUHQW SRVVLEOH PHFKDQLVPV IRU DGKHVLRQ EHWZHHQ D VXUIDFH DQG DQ
DGKHVLYHZHUHSUHVHQWHG7KHVXUIDFHVRISDSHUPDWHULDOVDUHFKDUDFWHUL]HGE\EHLQJURXJKRQD
PLFURVFDOHDV WKHZRRGILEUHV WKHPVHOYHV W\SLFDOO\KDYHDFURVV VHFWLRQDO WKLFNQHVVRII
PLFURQVGHSHQGLQJRQILEUHZDOOWKLFNQHVVDQGGHJUHHRIFROODSVHRIWKHOXPHQ)XUWKHUSDSHU
PDWHULDOVKDYHDKLJKSRURVLW\ZLWKDQHWZRUNRILQWHUFRQQHFWHGSRUHVSHQHWUDWLQJWKH
HQWLUHVKHHWRISDSHU7KHVXUIDFHRISDSHUILEUHV LVK\GURSKLOLFDQGKDVD UDWKHUKLJKVXUIDFH
HQHUJ\LQLWVQDWXUDOVWDWH+RZHYHUK\GURIREDWLRQFKHPLFDOVVXFKDVUHVLQDFLGVDUHRIWHQXVHG
WR PDNH WKH SDSHU VRPHZKDW PRUH ZDWHU UHSHOOHQW DQG WKHQ DOVR UHGXFH WKH SDSHUV VXUIDFH
HQHUJ\
7KLV URXJK DQG SRURXV VXUIDFH RI SDSHU PHDQV WKDW DGKHVLYHV WKDW KDYH D VXIILFLHQWO\ ORZ
VXUIDFHHQHUJ\DQGVXIILFLHQWO\ORZYLVFRVLW\ZLOOWRDFHUWDLQH[WHQWSHQHWUDWHWKHVWUXFWXUH,WLV
WKHUHIRUH UHDVRQDEOH WR DVVXPH WKDW FKDQJLQJ WKH FRDWLQJ PDWHULDO VR WKDW WKH YLVFRVLW\ LV
UHGXFHGWHQGVWRLPSURYHDGKHVLRQGXHWRLPSURYHGPHFKDQLFDOLQWHUORFNLQJ7KHUHIRUHWKLVLV
VXJJHVWHGDVRQHSRVVLEOHH[SODQDWLRQIRUWKHHQKDQFHGDGKHVLRQZKHQDIHZSHUFHQWELR3266
ZDVPL[HGZLWK3( LQ3DSHU0HFKDQLFDO LQWHUORFNLQJDIIHFWV WKH DGKHVLRQRISRO\HWK\OHQH
3(ELR3266EOHQGV WRSDSHUERDUG WKURXJKUHGXFHGYLVFRVLW\DVPHDVXUHGE\ WKHPHOW IORZ
LQGH[ RI WKH EOHQGV $W KLJK WHPSHUDWXUH DQG SUHVVXUH RI WKH FRDWLQJ SURFHVV 3(ELR3266
EOHQGVDUHPHOWHG0ROWHQEOHQGVFDQDFWDVDKLJKO\YLVFRXVOLTXLG7KHPHOWVSUHDGVRYHUWKH
SDSHUERDUG VXUIDFH DQG SHQHWUDWH LQWR KROHV SRUHV DQG GHSUHVVLRQV OHDGLQJ WR IRUPDWLRQ RI
PHFKDQLFDOLQWHUORFNVDWWKHLQWHUIDFH7KHVDPHEHKDYLRXUPD\KDYHEHHQLPSRUWDQWLQSDSHU
WKUHHZKHUHWKHDGGLWLRQRILURQVWHDUDWHLQFUHDVHGPHOWIORZLQGH[SUREDEO\E\SRO\PHUFKDLQ
FXWWLQJDQGWKHUHE\UHGXFHGYLVFRVLW\RIWKHPL[WXUH,WLVOLNHO\WKDWWKLVKDYHPDGHWKHFRDWLQJ
SHQHWUDWHIXUWKHULQWRWKHSDSHUDQGWKHUHE\LQFUHDVHGWKHDGKHVLRQE\PHFKDQLFDOLQWHUORFNLQJ
$QRWKHUSKHQRPHQRQ WKDW LV FRQQHFWHGZLWKPHFKDQLFDO LQWHUORFNLQJPD\DOVRKDYHSOD\HGD
UROHIRUDGKHVLRQ:KHQWKHFKHPLFDOFRPSRVLWLRQRIDFRDWLQJFKDQJHVVRZLOOWKHPHFKDQLFDO
 
SURSHUWLHV RI WKDW FRDWLQJ 7KLV PHDQV WKDW WKH VWUHQJWK RI WKH PHFKDQLFDO LQWHUORFNLQJ ZLOO
LQFUHDVH LI WKHVWUHQJWKSURSHUWLHVRI WKHILOPPDWHULDO LQFUHDVH8QIRUWXQDWHO\ LW LVGLIILFXOW WR
PHDVXUHWKHVWUHQJWKRIWKHILOPVRQWKHSDSHUVXUIDFHGLUHFWO\DQGWKLVZDVRXWVLGHWKHVFRSHRI
WKLVWKHVLV+RZHYHULWLVUHFRPPHQGHGWKDWWKLVLVVWXGLHGLQIXWXUHZRUN
)RUVXUIDFHFRDWLQJVWKDWDUHPL[WXUHVRIGLIIHUHQWPDWHULDOVHJ3(DQGELR3266DVLQSDSHU
RQH WKHUH LVDOZD\VDULVN WKDWQRQSHUIHFWPL[LQJRUDVHSDUDWLRQDIWHU ODPLQDWLRQEXWEHIRUH
WKH PDWHULDO VROLGLILHV FDQ FDXVH WKH OD\HU IDFLQJ WKH SDSHU WR KDYH D GLIIHUHQW FKHPLFDO
FRPSRVLWLRQWKDQWKHEXONRIWKHFRDWLQJ,IVXFKDVHSDUDWLRQKDSSHQVLWZRXOGEHQRUPDOIRUD
PDWHULDOWKDWPD\UHGXFHWKHLQWHUIDFLDOHQHUJ\WREHFRQFHQWUDWHGDWWKHLQWHUIDFH,QWKLVFDVH
WKH DPLQRJURXSV LQ ELR3266 DQG WKHLU LQWHUDFWLRQ ZLWK K\GUR[\O JURXSV LQ WKH SDSHU
FDUERK\GUDWHVFRXOGKDYHKDGVXFKDQHIIHFW6XFKVHSDUDWLRQZDVQRWPHDVXUHGGLUHFWO\EXWWKH
PL[LQJRIELR3266DQG3(ZDVREVHUYHGQRWWREHSHUIHFWE\PLFURVFRS\DQGWKHDGKHVLRQ
ZDVIDOOLQJZKHQRUPRUHELR3266ZDVDGGHG,IVXFKDOD\HULVIRUPHGDWWKHLQWHUIDFH
WKHUH LV D ULVN WKDW HLWKHU WKH ERQG EHWZHHQ WKH SDSHU DQG WKH LQWHUIDFH OD\HU RU EHWZHHQ WKH
LQWHUIDFHOD\HUDQGWKHEXONRIWKHFRDWLQJPDWHULDOPD\EHDZHDNERXQGDU\OD\HUDQGH[SODLQ
WKHUHGXFHGVWUHQJWKRIWKHDGKHVLRQMRLQWZLWKLQFUHDVLQJDPRXQWVRIELR3266RIWKH3(ELR
3266FRDWHGSDSHUERDUGV
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,W KDV EHHQ VKRZQ WKDW WKH DGKHVLRQ RI SRO\HWK\OHQH 3( WR SDSHUERDUG ZDV VXFFHVVIXOO\
LPSURYHG DSSUR[  E\ LQWURGXFLQJ  ZW ELR3266 RFWDHWK\O RFWDGHFD10,13
GLHQRDPLGH VLOVHVTXLR[DQH LQWR 3( OD\HU ,W LV SUREDEOH WKDW WKH LPSURYHPHQW LQ DGKHVLRQ
VWUHQJWKLVGXHWRPHFKDQLFDODGKHVLRQDQGLQWHUIDFHLQWHUDFWLRQEHWZHHQWKHDPLGHRIELR3266
DQGWKHK\GUR[\OJURXSVRISDSHUERDUG$QH[DPLQDWLRQRIWKHIUDFWXUHVXUIDFHVKRZHGWKDWWKH
DGKHVLRQIDLOXUHRFFXUUHGDWLQWHUIDFHEHWZHHQWKH3(ELR3266ILOPDQGWKHSDSHUERDUG7KH
PHDVXUHG DGKHVLRQ ZDV WKHQ WKH DGKHVLRQ VWUHQJWK EHWZHHQ 3(ELR3266 EOHQGV DQG
SDSHUERDUG QRW FRKHVLRQ RI 3(ELR3266 ILOPV RU WKH VWUHQJWK RI WKH SDSHUERDUG 7KH
PLVFLELOLW\EHWZHHQELR3266DQG3(DVZHOODVLWVHIIHFWRQWKHDGKHVLRQRI3(ELR3266WR
SDSHUERDUGZHUHQRWVWXGLHGLQWKLVVWXG\DQGVKRXOGEHVWXGLHGLQIXWXUHZRUN
7KH H[WUHPHO\ ORZZDWHU UHVLVWDQFH DQGZDWHU YDSRXU EDUULHU SURSHUWLHV RI SDSHUERDUG ZHUH
LPSURYHG E\ OLTXLG FRDWLQJ ELR3266 RFWDHWK\O HUXFDPLGH VLOVHVTXLR[DQH $SSUR[ 
UHGXFWLRQLQZDWHUWUDQVPLVVLRQUDWH:75DQGZDWHUYDSRXUWUDQVPLVVLRQUDWH:975ZHUH
REWDLQHG+HDWGU\LQJIXUWKHULQFUHDVHGZDWHUDQGZDWHUYDSRXUEDUULHUEXW89WUHDWPHQWRIWKH
ELR3266FRDWLQJOD\HUGLGQRWKDYHDVLJQLILFDQWHIIHFW0XOWLSOHFRDWLQJLQGXFHGDVLJQLILFDQW
LPSURYHPHQW LQ WKH ZDWHU UHVLVWDQFH DV ZHOO DV WKH ZDWHU YDSRXU EDUULHU SURSHUWLHV RI
SDSHUERDUG7KLVVWXG\GHPRQVWUDWHGWKDWELR3266FRDWLQJFDQJLYHDUHDVRQDEOHZDWHUEDUULHU
WRVXEVWLWXWHWKHIRVVLOEDVHGPDWHULDOIRUWKHZDWHUDQGZDWHUYDSRXUEDUULHURIIRRGSDFNDJLQJ
FRDWHGSDSHUERDUG
7KH R[LGDWLYH GHJUDGDWLRQ RI SRO\HWK\OHQH 3(ZDV SURPRWHG E\ LQWURGXFLQJ IHUULF VWHDUDWH
)H6WDWZWDVDSURR[LGDQW7KHR[LGDWLRQZDVOLPLWHGE\WKHSUHVHQFHRIRFWDHWK\O
DPLQRXQGHFDQRDPLGH VLOVHVTXLR[DQH DPLQR3266 %HFDXVH RI R[LGDWLYH GHJUDGDWLRQ
FDUERQ\OJURXSVZHUH IRUPHGRQ WKHVXUIDFHRI3(DPLQR3266)H6WFRPSRXQGVHVSHFLDOO\
ZKHQWKH\ZHUHWKHUPDOO\DJHGDWR&LQDFLUFXODWLRQRYHQ:KHQWKHFRPSRXQGVZHUHFRDWHG
RQSDSHUERDUGWKHDGKHVLRQVWUHQJWKZDVLQFUHDVHGXSWR7KHLQWHUDFWLRQEHWZHHQ& 2RI
WKH FRPSRXQGV DQG2+ RI SDSHUERDUG DQGPHFKDQLFDO DGKHVLRQ FRXOG H[SODLQ WKH DGKHVLRQ
LPSURYHPHQW $OWKRXJK WKH WHQVLOH \LHOG VWUHQJWK DQG HORQJDWLRQ DW EUHDN RI WKH 3(DPLQR
3266)H6W ILOP ZHUH GHFUHDVHG (ORQJDWLRQ DW EUHDN ZDV VWLOO RYHU WKDQ  DIWHU  GD\V
WKHUPDODJLQJZKLFKLVDFFHSWDEOHIRUDFRDWLQJPDWHULDORQSDSHUERDUGIRUSDFNDJLQJ
 
7KLVZRUNFRQILUPHGWKDW3266FRPSRXQGVZLWKIDWW\DFLGPRLHWLHVELR3266FDQEHXVHGDV
DGGLWLYHV LQ WKH SRO\HWK\OHQH OD\HU LQ IRRG SDFNDJLQJ 3(FRDWHG SDSHUERDUG $V IRU
FRQWLQXDWLRQ RI WKLVZRUN VWXG\LQJ WKHPLVFLELOLW\ EHWZHHQ ELR3266 DQG 3( LV QHHGHG$Q
LQYHVWLJDWLRQRI WKHHIIHFWRIPLVFLELOLW\RQ WKHDGKHVLRQVWUHQJWK WRSDSHUERDUGZRXOGJLYHD
EHWWHUXQGHUVWDQGLQJRIWKHDGKHVLRQPHFKDQLVP
%LR3266FRPSRXQGVDUHSRWHQWLDOO\ LQWHUHVWLQJIRU OLTXLGEDUULHUFRDWLQJ7KLVZRUNVKRZHG
WKDW OLTXLG FRDWLQJELR3266RQSDSHUERDUGE\ XVLQJEDU FRDWHU FDQ FUHDWH D VPRRWK VXUIDFH
ZLWK ZHDU UHVLVWDQW SURSHUWLHV (YHQ WKRXJK QR FRPSOHWH ZDWHU DQG ZDWHU YDSRXU EDUULHU
SURSHUWLHV RI SDSHUERDUG FDQ EH REWDLQHG E\ ȝP ELR3266 FRDWLQJ OD\HU WKH FKDQJH LQ
FRQFHQWUDWLRQRI ELR3266FRDWLQJ VROXWLRQ DQG FRDWLQJ WKLFNQHVV FDQPDNH WKHEDUULHUPRUH
HIIHFWLYH
7KLV ZRUN KDV SUHVHQWHG WKH HIIHFWLYH HIIHFW RI IHUULF VWHDUDWH )H6W RQ WKH R[LGDWLYH
GHJUDGDWLRQRI SRO\HWK\OHQH3266EOHQGV7KHXVH RI)H6W FDQ FRPELQH WKH UHF\FODELOLW\ RI
SODVWLF ILOPV ZLWK WKH LPSURYHPHQW LQ DGKHVLRQ ,W PD\ OHDG WR DQ LQGXVWULDO DSSOLFDWLRQ WR
SURGXFH IRRG SDFNDJLQJ 3( FRDWHG SDSHUERDUG ZLWK LPSURYHG DGKHVLRQ LQ ZKLFK WKHUPDO
WUHDWPHQWRI3(FRQWDLQLQJSURR[LGDQWEHIRUHWKHFRDWLQJSURFHVVLVUHTXLUHG
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 5KLP -: /HH -++RQJ 6,:DWHU UHVLVWDQFH DQGPHFKDQLFDO SURSHUWLHV RI ELRSRO\PHU
DOJLQDWHDQGVR\SURWHLQFRDWHGSDSHUERDUGV/:7)RRG6FL7HFKQRO±
 6XFKDGD77XQ\DUXW-$PSURQ63RUQFKDL5'KHHUDZDQ%7KHLPSURYHPHQWRIZDWHU
UHVLVWDQFHSURSHUW\RISDSHUERDUGE\6)SODVPD-QO0HWDO0DWHU0LQHUDOV
±
 $PEHUJ6FKZDE6+RIIPDQQ0%DGHU+*HVVOHU0 ,QRUJDQLFRUJDQLF SRO\PHUVZLWK
EDUULHUSURSHUWLHVIRUZDWHUYDSRXUR[\JHQDQGIODYRXUV-QO6RO*HO6FL7HFKQRO
±
 $PEHUJ6FKZDE6.DWVFKRUHN+:HEHU8+RIIPDQQ0%XUJHU$%DUULHUSURSHUWLHVRI
LQRUJDQLFRUJDQLF SRO\PHUV ,QIOXHQFH RI VWDUWLQJ FRPSRXQGV FXULQJ FRQGLWLRQV DQG
VWRUDJH6FDOLQJXSWRLQGXVWULDODSSOLFDWLRQ-QO6RO*HO6FL7HFKQRO±
 0DUNRYLF ( &RQVWDQWRSRORXV . 0DWLVRQV -* 3RO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQHV
IURP HDUO\ DQG VWUDWHJLF GHYHORSPHQW WKURXJK WR PDWHULDOV DSSOLFDWLRQ $SSOLFDWLRQ RI
3RO\KHGUDO 2OLJRPHULF6LOVHTXLR[DQHV&KDS&+DUWPDQQ7KRPSVRQHG$GYDQFHV
LQ6LOLFRQ6FLHQFH±
 6FKZDE--/LFKWHQKDQ-'3RO\KHGUDOROLJRPHULFVLOVHVTXLR[DQH3266EDVHGSRO\PHUV
$SSO2UJDQRPHWDO&KHP±
 /L *= :DQJ /& 1L + 3LWWPDQ &8 3RO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQH 3266
SRO\PHUVDQGFRSRO\PHUVDUHYLHZ-QO,QRUJ2UJDQRPHW3RO\P±
 3DQ * 3RO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQH 3266 3K\VLFDO SURSHUWLHV RI SRO\PHUV
KDQGERRN&KDS0DUN-(HG6SULQJHU±
 :X -0DWKHU 37 3266 SRO\PHUVSK\VLFDO SURSHUWLHV DQG ELRPDWHULDOV DSSOLFDWLRQV -QO
0DFURPRO6FL3DUW&3RO\PHU5HYLHZV±
 &RUGHV '% /LFNLVV 3' 3UHSDUDWLRQ DQG FKDUDFWHUL]DWLRQ RI SRO\KHGUDO
ROLJRVLOVHVTXLR[DQHV$SSOLFDWLRQ RI 3RO\KHGUDO2ORJRPHULF 6LOVHTXLR[DQHV &KDS  &
+DUWPDQQ7KRPSVRQHG$GYDQFHVLQ6LOLFRQ6FLHQFH±
 )LQD $ 7DEXDQL ' )UDFKH $ &DPLQR * 3RO\SURS\OHQHSRO\KHGUDO ROLJRPHULF
VLOVHVTXLR[DQHV3266QDQRFRPSRVLWHV3RO\P±
 
 -RVKL 0 %XWROD %6 6LPRQ * .XNDOHYD 1 5KHRORJLFDO DQG YLVFRHODVWLF EHKDYLRU RI
+'3(RFWDPHWK\O32661DQRFRPSRVLWHV0DFURPRO±-RVKL0%XWROD
%6  ,VRWKHUPDOFU\VWDOOL]DWLRQ RI +'3(RFWDPHWK\O SRO\KHGUDO ROLJRPHULF
VLOVHVTXLR[DQH QDQRFRPSRVLWHV UROH RI 3266 DV D QDQRILOOHU -QO$SSO 3RO\P6FL 
±
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a b s t r a c t
Octa-(ethyl octadeca-10,13 dienoamide) silsesquioxane or bio-POSS was used in the fabrication of
polyethylene (PE)/bio-POSS blends by melt mixing. These PE/bio-POSS blends were applied to paper-
board by compression moulding coating. The T-peel test was used to determine the adhesion of the
blends to paperboard. A FTIR-ATR spectroscopic study was performed to identify the interfacial
interaction between PE/bio-POSS blends and paperboard. The T-peel test showed that the adhesion
of PE to paperboard was enhanced when there was less than 10 wt% of bio-POSS in the blends. The best
adhesions were achieved at 5 wt% and 3 wt% bio-POSS, coated at 200 1C/20 1C and 300 1C/20 1C,
respectively. The increase in adhesion strength was attributed to the contribution of mechanical
interlocks and probable interfacial interaction between amide groups of bio-POSS and hydroxyl groups
of paperboard, as speciﬁed by FTIR-ATR. Bio-POSS content above 10 wt% led to a decrease in adhesion
between PE/bio-POSS blends and paperboard because the melt ﬂows and mechanical properties of the
blends were dramatically decreased.
& 2012 Elsevier Ltd. All rights reserved.
1. Introduction
The most widely used plastic, polyethylene (PE) is often used in
laminated packaging products, e.g. PE-coated paperboard. A
requirement for this product is good adhesion between PE and
paperboard. The adhesion depends on the characteristics of the
paperboard (surface roughness and porosity), PE (melt ﬂow rate,
meting point, wettability and thickness), and the coating conditions
(temperature, pressure and rate of coating). It is also affected by
surface chemical factors and the intermolecular forces across inter-
face [1]. Adhesion properties may be enhanced by treating paper-
board and PE before coating. Improvement in adhesion properties
by surface treatment of paperboard was successfully obtained by
Kemppi [1], Fredholm and Westfelt [2]. Our work has only focused
on the chemical modiﬁcation of the PE-containing coating layer to
improve the adhesion between coating and paperboard.
Polyethylene (PE) has low surface free energy (31 mJ/m2) and
low wettability [1]. When it is coated on the paperboard, PE
shows low adhesion. In order to improve the adhesion properties,
it is necessary to modify the PE prior to coating. Modifying PE was
performed by treating the surface (surface treatment of PE) [3,4].
In those works, the oxygen-containing polar groups such as C¼O,
OH, COOH are introduced to PE surface, leading to an increase in
surface polarity of PE without inﬂuencing on the properties of PE.
When coated on the paperboard, the interfacial attraction force is
increased, thereby improving the adhesion. Besides, the proper-
ties of PE can be modiﬁed by using additives or reinforcing agents.
Inorganic/organic hybrid polymers based on polyhedral oligo-
meric silsesquioxanes (POSS) have been much studied in the recent
years. POSS is a class of silicon compounds with an empirical
formula R(SiO1.5)n having an inorganic core cage and organic groups
attached at the vertex, with a size of 1–3 nm. The organic groups
allow POSS to be easily incorporated into polymers either by
copolymerisation, or physical mixing, whereupon POSS/polymer
blends having signiﬁcantly improved properties such as mechanical
properties, thermal stability, surface hardening, and rheological
properties will be made [5–9]. Recently, a considerable study on
the fabrication of polymer/POSS with improved properties by using
a mixing method has been published [10–16]. There is a lack of
work on applying polymer/POSS to paperboard as well as determi-
nation of adhesion between the layers in such laminates.
Polymer materials fully or partly based on renewable resources
are a topic of great interest. The use of such materials can
signiﬁcantly contribute to a sustainable development. Octa-(ethyl
octadeca-10,13 dienoamide) silsesquioxane is a POSS compound
derived from a natural unsaturated fatty acid (octadeca-10,13
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dienoic acid). This POSS compound is therefore a biological and
renewable material, and called bio-POSS. The molecule of bio-
POSS is typically composed of a Si8O12 cubic cage and eight (ethyl
octadeca-10,13 dienoamide) groups peripherally attached at eight
Si vertexes, as can be seen in Fig. 1. The core cage is inorganic,
giving thermal stability, while the peripheral organic groups allow
bio-POSS to be incorporated into organic polymers to form POSS/
polymer blends. Among the methods for fabricating polymer
blends, melt mixing is efﬁcient, cheap and simple to scale up to
industrial level. Furthermore, fabricating blends by mixing will
consume less time in comparison with copolymerisation that
requires more time to develop new polymerisation routes. The
properties of polymer/bio-POSS blends can be easily tailored by
combining polymer and bio-POSS components and varying the
blend composition.
The aim of this work is to investigate the effects of bio-POSS on
the adhesion of polyethylene (PE) to paperboard. Various PE/bio-
POSS blends have been fabricated by melt mixing in a micro-
extruder. After that, the resultant blends are applied on the
paperboard by compression moulding coating. The adhesion
between polyethylene/bio-POSS blends and paperboard is eval-
uated by the T-peel test. The melting temperature of PE/bio-POSS
blends is determined by differential scanning calorimetry (DSC).
To observe the morphology of PE/bio-POSS blends, the samples
are examined using scanning electron microscopy (SEM). Fourier
transform infrared attenuated total reﬂection (FTIR-ATR) spectro-
scopy is used to identify the surface characteristics of the blends
and paperboard.
2. Materials and methods
2.1. Materials
Polyethylene (PE) was purchased from Ineos Polyoleﬁns and
Polymers Europe, with melting point of 120 1C and the melt ﬂow
index (MFI) of 0.5 g/10 min (190 1C/2.16 kg). Norsilika8002 is a
yellowish viscous liquid which was supplied by Jotun AS, Norway,
containing octa-(ethyl octadeca-10,13 dienoamide) silsesquiox-
ane (bio-POSS) dissolved in a hydrocarbon solvent, with a solid
content of 40–44%. Paperboard was provided by Korsna¨s AB,
Sweden.
2.1.1. Paperboard
The paperboard is a much used ﬁbre-based material for
packaging due to its good stiffness, its low production cost, its
lightness, its good and multiple printing opportunities and its
recyclability. The paperboard has two different sides (uncoated
and coated side) with different colours (brown and white),
respectively. It is composed of four different layers:
(i) the bottom layer is unbleached kraft pulp of a pine and
spruce softwood mix,
(ii) the middle layer is unbleached kraft pulp and chemithermo-
mechanical pulping (CTMP),
(iii) the dense layer is bleached kraft pulp and
(iv) the top layer is coated by white pigments and binders (the
pre-coated side).
Fig. 2 shows scanning electron microscope (SEM) images of
paperboard: (a) shows the uncoated side (brown colour) and
(b) shows the cross-section of the paperboard which illustrates
four different layers (i, ii, iii and iv). As can be observed, the
uncoated side of paperboard is very rough, containing large ﬁbres.
The rough surface of the uncoated side of paperboard is very
advantageous for polymer coating mechanical adhesion.
2.2. Sample preparation
Before blending, bio-POSS was dried at 150 1C in vacuum in
order to remove the hydrocarbon solvent completely. After that,
the blends were prepared by melt mixing PE and dried bio-POSS
at various compositions in a twin screw 15cc micro-extruder DSM
Fig. 1. Typical structure of octa-(ethyl octadeca-10,13 dienoamide) silsesquioxane (bio-POSS).
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MIDI2000. The extrusion temperature was kept at 180 1C from
hopper to die section of micro-extruder, the operating screw
speed was controlled at 50 rpm/min and total extrusion time was
5 min. The blend products were cut into pellets, 2 mm in length.
Blend ﬁlms with a thickness of around 0.1 mm were obtained
by compression moulding the pellets on hydraulic compressor
Fontijne TH200. The temperature of top/bottom plate of hydraulic
compressor was 180 1C/180 1C, the pressure was 10 MPa, and the
total time was 5 min. Then, the blend ﬁlms were applied on the
uncoated side of paperboard by compression moulding coating, at
10 MPa and temperature of 200 1C/20 1C and 300 1C/20 1C, respec-
tively for the two series.
2.3. Characterisation
2.3.1. Scanning electron microscopy (SEM)
The morphologies of PE/bio-POSS blends were examined by a
scanning electron microscopy (SEM) instrument JEOL JSM-
5900LV. The microscope was operated at 15 kV and in low
vacuum mode of 20 Pa. The specimens were prepared by cutting
the blend ﬁlms and washed up using 100% ethanol. All samples
were directly analysed without coating the surface.
2.3.2. FTIR-ATR
Fourier transform infrared attenuated total reﬂection (FTIR-
ATR) was used for analysis of surfaces of samples. The sample was
placed onto the universal diamond ATR top-plate (diamond/ZnSe)
and a pressure was applied to the sample area. The scan range
was in the medium infrared region from 4000 to 650 cm1 at a
resolution of 4 cm1, a scan number of 4. The spectra were
reported as unit of transmission (%T). The analyses were carried
out on a on a Perkin Elmer FTIR device (Spectrum One) at room
temperature.
2.3.3. Melt ﬂow index
The inﬂuence of bio-POSS content on melt ﬂow of polyethy-
lene (PE) was monitored by the melt ﬂow index (MFI) method on
a melt ﬂow apparatus, Davenport 3/80. The blends were fully
loaded into a cylinder of MFI device and then melted at tempera-
ture of 190 1C. Pre-heated time and extrudate time were set at
5 and 10 min. MFI was expressed as the mass of the blends per
10 min extruded through the die of 2.09 mm in diameter and
8 mm in length, under the standard weight of 2.16 kg
MFI¼
Average extrudate weight
Time
ðg=10minÞ
2.3.4. Mechanical properties
The mechanical properties of PE/bio-POSS blend ﬁlm were
determined by tensile testing according to ISO 527-1 on the
device Zwich-Z250. Test specimens were cut from the blend ﬁlm
with ‘‘dumbbell’’ shape. At least 5 specimens of each blend ﬁlm
were prepared for tensile test. The test was run at the speed of
500 mm/min and room temperature.
2.3.5. Differential scanning calorimetry (DSC)
DSC analysis of PE/bio-POSS blends was done using a differ-
ential scanning calorimeter Perkin Elmer DSC 8500 in nitrogen
ﬂow. The samples (2.03.0 mg) placed in a DSC pan. The samples
were heated from 20 1C to 150 1C at a rate of 10 1C/min.
2.3.6. Adhesion testing
Adhesion was determined by T-peel testing on the testing
device Zwich-Z250. At least ﬁve T-type specimens (200 mm in
length and 15 mm in width) were prepared for each sample by
using Thwing-Albert’s JDC-15 mm-10 in. sample cutter. The poly-
mer coating was peeled at the speed of 30 mm/min. and over a
length of 150 mm.
The adhesion value was determined as Adhesion¼
peel force=width ðN=mÞ
The adhesion strength of the sample was calculated as the
average of ﬁve adhesion values that corresponded to ﬁve
specimens.
2.3.7. Optical microscopy
The fracture surface (both sides) of de-bonded joints after T-
peel testing were observed by using optical microscopy Leica
M420. The photos of the fracture surface were taken using a
colour high resolution camera Basler A110FC. The fracture sur-
faces were selected from the sample after T-peel test.
3. Results and discussion
3.1. Morphologic analysis
Morphological analysis of PE/bio-POSS blends was performed
by a SEM method, and the result is shown in Fig. 3.
There are bio-POSS aggregates (10–20 mm) formed in the PE
matrix, indicating that the dispersion of bio-POSS into PE is at
micro-scale. The number of bio-POSS aggregates is increased with
increasing bio-POSS content in the blends while their sizes
become smaller. In fact, at below 10 wt%, there are only few
bio-POSS aggregates gathering at a certain position within the PE
matrix. At above 10 wt% content, bio-POSS aggregates are dis-
tributed everywhere within the blends. There are not any bio-
POSS aggregates with diameter larger than 20 mm, reﬂecting the
relatively equal distribution of bio-POSS aggregates within PE. At
above 10 wt%, bio-POSS is signiﬁcantly present on the surface of
the blends.
iv
iii 
ii
i
Fig. 2. SEM images of paperboard: (a) Uncoated side; (b) cross-section. (For interpretation of the references to color in this ﬁgure, the reader is referred to the web version
of this article.)
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3.2. FTIR-ATR spectra
The FTIR-ATR is a useful technique for determining the surface
of the material. In this study, the FTIR-ATR was used for identify-
ing the surface characteristics of pure materials and the blends.
Fig. 4 shows FTIR-ATR spectrum of PE, bio-POSS, and PE/bio-POSS
blends, and Table 1 is the interpretation of FTIR-ATR spectra
where the absorption band frequencies are listed.
As illustrated in Fig. 4, pure PE exhibits two absorption peaks
in the range 2950–2800 cm1 (CH2 stretching), 1460 cm
1 (CH2
scissoring), 719 cm1 (CH2 rocking). The spectral bands of PE are
similar to the results in the study of Chandra, Rustgi [17], and Raj
et al. [18].
Bio-POSS shows the main peaks as follows: the absorption
peaks at 3300 cm1 and 3084 cm1 assigned to the hydrogen-
bonded N–H stretching (N–HyO¼C); two bands appear at
1713 cm1 and 1644 cm1 are assigned to amide I (carbonyl
C¼O) and amide II (mixed vibration of N–H bending and C–N
stretching), respectively. Normally, the intensity of amide I is
stronger than that of amide II. The small shoulder band at
1772 cm1 is ascribed as the free C¼O stretching vibration. The
double bond C¼C stretching vibration is found at 1543 cm1.
Two strong and broad bands at 1119 cm1 and 1028 cm1
exhibit Si–O–Si stretching of the cubic Si8O12 structure. The
interpretation of the FTIR-ATR spectrum of bio-POSS was con-
sulted the study of Rao [19].
The FTIR-ATR spectra of PE/bio-POSS blends show an absorp-
tion band of N–H stretching near 3300 cm1, two strong bands of
C¼O stretching vibration and mixture of C–N stretching/N–H
bending near 1713 cm1 and 1644 cm1, two strong and broad
bands of Si–O–Si stretching of silsesquioxane cage in the range
1130–1020 cm1, as illustrated in Fig. 4. Especially, the free C¼O
is also present in the spectrum of the resultant blends as a
shoulder band. Peak intensities of Si–O–Si stretching are
increased with increasing bio-POSS content in the blends. It
demonstrates that the features of PE and bio-POSS components
were fully introduced to the surface of PE/bio-POSS blends.
3.3. Melt ﬂow property
The melt ﬂow index (MFI) method is generally used to assess
the average molecular mass of a polymer and is reversed to the
melt viscosity. The higher a MFI, the more polymers ﬂow.
Knowing the MFI of a polymer is helpful for controlling its
PE
Bio-POSS
Fig. 3. SEM micrographs of PE/bio-POSS blends at bio-POSS content: (a) 1 wt%, (b) 3 wt%, (c) 5 wt%, (d) 10 wt%, (e) 20 wt%, (f) 40 wt%.
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processing. In this work, the melt ﬂow property of PE/bio-POSS
blends was measured and the results are shown in Fig. 5. The MFI
completely decreased with increasing bio-POSS content. The
higher the bio-POSS content, the lower the MFI. The differences
between the MFI values of the blends at 3, 5 and 10 wt% bio-POSS
are inconsiderable. The MFI’s reduction is signiﬁcant at above
10 wt% bio-POSS loading (more than 50% reduction). It reﬂects
that the melt viscosity of PE/bio-POSS blends is increased and the
melt ﬂow property of PE/bio-POSS blends is decreased with
increasing bio-POSS content in the blend.
3.4. Mechanical property
The elastic modulus (Et), yield strength (sY), strength at break
(sB) and elongation at break (eB) obtained from tensile tests on
PE/bio-POSS blend ﬁlms are reported in Table 2. The mechanical
properties of PE/bio-POSS are decreased with increasing bio-POSS
content.
Addition of bio-POSS to PE has little effect on elastic modulus
and yield strength. However, strength at break of the blends at
low bio-POSS content is moderately decreased, about 44% reduc-
tion at 3% bio-POSS loading, and elongation at break is slightly
lowered (12% reduction). When bio-POSS content is 5 wt%, the
reduction in strength at break of the blend ﬁlms is approx. 50%,
while the decrease in elongation at break is moderate (30%). At
above 10 wt% bio-POSS loading, elongation at break of the blends
is dramatically decreased. The blend of 40 wt% bio-POSS has
extremely poor mechanical properties.
The overall decrease of the mechanical properties for PE/bio-
POSS as compared with PE is probably related to the presence of
micron size bio-POSS aggregates which behave as weakening
points during blend deformation.
3.5. Adhesion of PE/bio-POSS blends to paperboard
The adhesions of PE, PE/bio-POSS blends to paperboard are
shown in Fig. 6.(a) shows the adhesion properties of the samples
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Fig. 4. FTIR-ATR spectra of PE/bio-POSS blends with various bio-POSS loadings.
Table 1
Interpretation of FTIR-ATR [19].
Bio-POSS (cm1) PE (cm1) Interpretation
3300, 3084 – Hydrogen bonded N–H stretching
3006 – C–H in¼CH– stretching
2924, 2854 – CH2 stretching
2916, 2849 CH2 stretching
1772 – Free C¼O stretching
1713 – Hydrogen bonded C¼O stretching (Amide I)
1644 – C¼O stretching and N–H bending (Amide II)
1544 – C¼C stretching
1471 – CH2 bending (scissoring)
1466, 1438 – CH2 bending (scissoring)
1396, 1366 – C–H in¼CH– bending (in-plane)
1379 – CH2 wagging
1315 – CH2 wagging
1272 – C–N stretching and N–H bending (Amide III)
1120, 1028 – Si–O–Si stretching
892, 845 – C–H in ¼CH– bending (out-of-plane)
872 – Si–C stretching
793 – CH2 in Si–CH2– rocking
719 – CH2 rocking
718 – CH2 rocking
694 – N–H out-of-plane (Amide V)
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Fig. 5. Melt ﬂow index of PE/bio-POSS blends.
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prepared at 200 1C/20 1C and (b) shows that at 300 1C/20 1C.
Generally, in both cases, the adhesion strength of PE/bio-POSS
blends on the paperboard is increased with increasing the content
of bio-POSS up to 10 wt%. Whereas, loading above 10 wt% bio-
POSS leads to a decrease in the adhesion of PE/bio-POSS blends to
paperboard in comparison with that of PE-coated paperboard. The
standard deviation is relatively small for all our samples (below
50 N/m). It reﬂects that the strength of adhesion of the blends to
paperboard is equally distributed. Among the samples prepared at
200 1C/20 1C, the sample at 5 wt% bio-POSS shows the highest
adhesion strength, and among the samples prepared at 300 1C/
20 1C, the adhesion strength of PE/3 wt% bio-POSS to paperboard
is greatest.
From Fig. 6, the adhesion of the samples prepared at 300 1C/
20 1C is approx. 25% higher than for the sample prepared at
200 1C/20 1C. It is a consequence of the high temperature reducing
the melt viscosity of the blends, thereby increasing the penetra-
tion of the blends into paperboard to form mechanical interlocks
at the interface, hence enhancing the adhesion. The effect of
coating composition on adhesion strength is relatively similar at
both coating temperatures.
3.6. Failure of adhesive joint
During T-peel test, the blend ﬁlms and paperboard are sepa-
rated from the adhesive joint. Fibres of paperboard are torn and
attached to the blend ﬁlms after separation. This phenomenon is
called ‘‘ﬁbre-tear effect’’. It is impossible to avoid completely this
phenomenon when T-peel test is running [1]. In our work, the
ﬁbre-tear effect occurred on all T-peeling specimens. To fully
understand the failure of adhesive joint, it is necessary to examine
the fracture surfaces of de-bonded joint after peeling.
Fig. 7a illustrates the specimens of PE/bio-POSS blends coated
paperboard after peeling, and (b) shows the photo taken from the
typical fracture surface (blend side) after peeling the sample of
PE/3 wt% bio-POSS blend coated paperboard by using an optical
microscope. It can be observed that the blend ﬁlm and paper-
board were apparently delaminated after peeling (Fig. 7a). There
are only few ﬁbres of paperboard (yellowish colour) clinging onto
the blend ﬁlm, and the blend ﬁlms were not deformed after
separation. The fracture surface of the blend side is quite rough
with the trace of paperboard surface, as can be seen in Fig. 7b. In
this case, the failure of adhesive joint is apparently located at
interface between the blend ﬁlms and the paperboard (apparently
interfacial failure).
In our T-peel testing, the ﬁnal adhesion was the average of ﬁve
adhesion values of ﬁve corresponding specimens with apparently
interfacial failure. Thus, the ﬁnal adhesion value is neither
Table 2
Mechanical properties of PE/bio-POSS blend ﬁlms.
PE/bio-POSS Et (MPa) sY (MPa) sB (MPa) eB (%)
100/0 278 12.8 24.5 823.4
99/01 245 11.8 12.3 733.5
97/03 272 11.8 13.5 719.2
95/05 282 12.8 12.6 570.9
90/10 229 11.6 10.2 22.4
80/20 240 11.8 11.3 19.9
60/40 218 – 1.8 0.3
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Fig. 6. Adhesion strength of PE/bio-POSS blends to paperboard when coated at (a) 200 1C/20 1C, and (b) 300 1C/20 1C.
Fibre-tear 
Fig. 7. Sample of PE/bio-POSS blends coated paperboard after peeling (a), and typical fracture surface of blend side with ﬁbre-tear effect (b). (For interpretation of the
references to color in this ﬁgure, the reader is referred to the web version of this article.)
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cohesion strength of paperboard nor cohesion strength of the
blend ﬁlm. It is the strength of adhesion between PE/bio-POSS
blends and paperboard.
3.7. Adhesion mechanisms
When a polymer is coated on paperboard, polymer spreads
and wets the surface before its penetration into the paperboard.
The spreading and wetting properties could play an important
role in the distribution of the polymer on the paperboard. The
paperboard surface is rough and the molten polymer can ﬂow
into the depressions on its surface. Mechanical interlocking
mechanism may contribute to the adhesion strength between
the polymer and paperboard [1]. In this work, the blends
fabricated at different bio-POSS contents have the melting tem-
perature (Tm) of same order as pure PE (12370.5 1C), as the result
of DSC analysis. Moreover, the melt ﬂow properties of the blends
are decreased with increasing bio-POSS content, as examined by
the MFI method. According to the T-peel test results, the adhesion
strength between polyethylene and paperboard was improved by
additional bio-POSS at below 10 wt%. A slight reduction in melt
ﬂows of the blends at below 10 wt% bio-POSS loadings demon-
strates that the enhancement in adhesion strength to paperboard
was not primarily caused by mechanical interlocking. In order to
better understanding the adhesion mechanism, the surfaces of PE/
bio-POSS blends, paperboard and the blend ﬁlms after coating are
spectroscopically studied.
FTIR-ATR analyses of the blend ﬁlms before coating and the
surfaces of the blends after coating (including top surface–side
contact with mould, and failure surface–side contact with paper-
board, see Fig. 8) were carried out. Fig. 9 shows the ATR spectra in
the region of 1900–1500 cm1 of the blend ﬁlms before coating
(a), of the fracture surfaces that have an interfacial failure (b), and
of the blend top surfaces (c). As can be observed, the spectra of
the fracture surfaces (Fig. 9b) are pronouncedly different from
those before coating (a). Actually, if comparing the intensity ratio
IaI/IaII between amide I (near 1713 cm
1) and amide II (near
1645 cm1), is always higher than 1 in case of the blends before
coating (Fig. 9a). On the blend fracture surface (Fig. 9b), such ratio
varies on bio-POSS concentration: IaI/IaIIo1 (1,3,5 wt%), IaI/IaII41
(10,20,40 wt%). The variation of IaI/IaII does not reﬂect an increase
of bio-POSS amount in the blends because if so, IaI/IaII ratio must
be higher than 1. Meanwhile, the spectra of the blend top surfaces
are relatively similar to those of before coating (Fig. 9a): intensity
of amide I is always higher than that of amide II. Consequently,
the ATR spectra of two sides (9b, 9c) of the blend ﬁlms are
different, since one side has a contact with paperboard. It can be
suggested that there is an interaction occurring between the
blend ﬁlms and paperboard.
Fig. 4 illustrates the presence of amide group on the surface of
PE/bio-POSS blend ﬁlm, and Fig. 10 shows hydroxyl group on the
surface of reference paperboard (near 3332 cm1). When the
blends are coated on paperboard, it can be suggested that there is
an interaction occurring between amide group of the blend ﬁlms
and OH of paperboard: PE/bio-POSS blends–NHC¼OyHO–paper-
board. The suggested interaction could lead to a change in both
spectrum of amide group and OH group. In fact, the band shapes
of amide groups of the blend fracture surface (spectrum 99/01,
97/03, 95/05 in Fig. 9b) were altered as discussed above, whilst
the band shape of OH was less inﬂuenced, as unsmooth curve of
OH band in the spectrum a, b and c in Fig. 10. Thus, the suggested
interaction was probable.
However, the band shapes of OH group (spectrum d, e, and f in
Fig. 10) are relatively similar to that of OH in the reference
paperboard. In the spectra 90/10, 80/20, 60/40 (Fig. 9b), band
intensity of amide I is still bigger than that of amide II. Here, the
interaction between amide of the blends and OH of paperboard
might be inconsiderable to alter amide and hydroxyl bands. As
examined by tensile testing and MFI, additional bio-POSS above
10 wt% lead to a dramatic decrease in the mechanical and the
melt ﬂow properties of PE/bio-POSS blends. The dramatic
decrease in melt ﬂow properties indicates that the mechanical
interlocks at interface between the blends and paperboard was
Paperboard
Blend failure surface
Blend top
surface
Paperboard failure
surface
Locus of
failure
Fig. 8. A schematic of failure surface of PE/bio-POSS blends coated paperboard
after peeling.
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Fig. 9. FTIR-ATR spectra of PE/bio-POSS blends in the region 1900–1500 cm1: (a) before coating, and after coating: (b) side contact with paperboard, (c) side contact with
mould.
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signiﬁcantly decreased, thereby reducing the adhesion. Moreover,
the dramatic reduction in mechanical properties of the blends
could be explained as a consequence of a lubricant effect that
caused by high bio-POSS loadings [20]. Such lubricant effect
lowers the adhesion of bio-POSS/PE blends to paperboard, espe-
cially at high bio-POSS loadings due to much bio-POSS aggregates
on the blend surface.
4. Conclusions
Polyethylene/octa-(ethyl octadeca-10,13 dienoamide) silsesquiox-
ane (PE/bio-POSS) blends at different compositions were well fabri-
cated by themelt mixingmethod, and then successfully coated on the
uncoated side of paperboard by compression moulding coating. The
adhesion of PE/bio-POSS blends to paperboard has been improved by
low content of bio-POSS (below 10 wt%), where a remarkable
enhancement in adhesion is achieved at 5 wt% bio-POSS when coated
at 200 1C/20 1C, and at 3 wt% bio-POSS when coated at 300 1C/20 1C.
Adhesion property of the blend coated paperboard prepared at
300 1C/20 1C is higher than that at 200 1C/20 1C. The probable reason
for the adhesion improvement is mechanical interlocking, and inter-
facial interaction occurring between amide groups of bio-POSS with
hydroxyl groups of paperboard, as identiﬁed by FTIR-ATR spectro-
scopy. The blends made of above 10 wt% bio-POSS results in a
signiﬁcant reduction in adhesion strength to paperboard because
the mechanical and melt ﬂow properties of the blends were drama-
tically decreased at high bio-POSS loadings.
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Abstract. 7KHVXEVWLWXWLRQRI IRVVLOEDVHGSDFNDJLQJPDWHULDOVZLWKPDWHULDOV IURPUHQHZDEOH
VRXUFHV LV D WRSLF RI FXUUHQW LQWHUHVW 3RO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQHV ZLWK IDWW\ DFLG
PRLHWLHVFDQKDYHDUHQHZDEOHFRQWHQWRIPRUHWKDQDQGDUHWKHUHIRUHFDOOHGELR3266,Q
WKLV VWXG\ WKH ELR3266 RFWDHWK\O HUXFDPLGH VLOVHVTXLR[DQH ZDV FRDWHG RQ D SDSHUERDUG
VXEVWUDWHDVDOLTXLGFRDWLQJ7KHZDWHUUHVLVWDQFHDQGWKHZDWHUYDSRXUEDUULHUSURSHUWLHVRIWKH
SDSHUERDUGZHUH LPSURYHG6DPSOHVRQZKLFK WKHELR3266FRDWLQJ OD\HUZDVGULHGDWR&
KDG D VOLJKWO\ KLJKHU ZDWHU UHVLVWDQFH DQG ZDWHU YDSRXU EDUULHU WKDQ VDPSOHV GULHG DW URRP
WHPSHUDWXUH89 WUHDWPHQW RI WKH FRDWLQJ OD\HU KDG OLWWOH HIIHFW 6ROLG VWDWH +105 RI89
WUHDWHGFRDWLQJVVKRZHGQRUHDFWLRQRIGRXEOHERQGVRIELR3266LQWKHFRDWLQJOD\HU0XOWLSOH
FRDWLQJFRQVLGHUDEO\HQKDQFHG WKHZDWHU UHVLVWDQFHDQGZDWHUYDSRXUEDUULHUSURSHUWLHVRI WKH
SDSHUERDUGGXHWRDQLQFUHDVHLQWKHFRDWLQJWKLFNQHVVDQGDUHGXFWLRQLQQXPEHURISRUHVRQ
WRSFRDWHGVXUIDFHV
Key words: 3266UHQHZDEOHPDWHULDOVZDWHUUHVLVWDQFHZDWHUYDSRXUEDUULHUSURSHUW\
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1. Introduction 
 3DSHUERDUGLVDFHOOXORVHEDVHGPDWHULDOZKLFKKDVEHHQZLGHO\XVHGLQSDFNDJLQJGXHWR
LWVDGYDQWDJHVVXFKDVORZFRVW OLJKWZHLJKWJRRGVWLIIQHVVHDV\SURFHVVLQJUHQHZDELOLW\DQG
UHF\FODELOLW\3DSHUERDUGRUFHOOXORVLFPDWHULDOKDVDSRURXVVWUXFWXUHZLWKDKLJKO\K\GURSKLOLF
QDWXUH7KLVLVLWVGLVDGYDQWDJHEHFDXVHSDSHUERDUGHDVLO\DEVRUEVPRLVWXUHIURPHQYLURQPHQW
SDUWLFXODUO\ZKHQ VWRUHG DW KLJK UHODWLYH KXPLGLW\ FRQGLWLRQV RUZKHQ LQ FRQWDFWZLWK IRRGV
OHDGLQJ WRD UHGXFWLRQ LQ WKHPHFKDQLFDOSURSHUWLHV DQGVWUHQJWKRI WKHSDSHUERDUG FDXVLQJD
GHJUDGDWLRQ RI SDFNDJHV GXULQJ VWRUDJH DQG GLVWULEXWLRQ >@ 7KHUHIRUH LW LV QHFHVVDU\ WR
LPSURYHZDWHUEDUULHUSURSHUWLHVRISDSHUERDUG,QOLTXLGSDFNDJLQJLQGXVWU\DQH[FHOOHQWZDWHU
EDUULHUSURSHUW\LVDFKLHYHGZKHQODPLQDWLQJWKHSDSHUERDUGZLWKDWKLQOD\HURIWKHUPRSODVWLFV
ILOP SRO\HWK\OHQH 3( SRO\SURS\OHQH 33 SDUDIILQ RU DOXPLQLXP 7KHUPRSODVWLFV DUH IRVVLO
EDVHGPDWHULDOVZKLFKDUHOLPLWHGDQGDOXPLQLXPPDNHVUHF\FOLQJRIWKHSDSHUPRUHGLIILFXOW
5HFHQWO\ PDQ\ VWXGLHV KDV UHSRUWHG WKDW ZDWHU EDUULHU SURSHUWLHV RI SDSHUERDUG FDQ EH
VLJQLILFDQWO\ LPSURYHG E\ FRDWLQJ DSSOLFDWLRQ ZLWK ELRGHJUDGDEOH SRO\PHUV VXFK DV ZKH\
SURWHLQLVRODWH:3,FHOOXORVHEDVHGILOPVSRO\ODFWLFDFLG3/$SRO\FDSURODFWRQH3&/>
@&RDWLQJVROXWLRQVZHUHSUHSDUHGIURPPL[WXUHVRIELRSRO\PHUVWKHQDSSO\LQJRQWKHVXUIDFH
RI SDSHUERDUGRU FRPELQLQJZLWK DQRWKHU ELRSRO\PHU FRDWHG OD\HU&RDWHGSDSHUERDUGVZHUH
FKDUDFWHUL]HGE\ZDWHUYDSRXUWUDQVPLVVLRQUDWH:9757KH:975RIELRSRO\PHULFFRDWHG
SDSHUERDUGGHFUHDVHGE\DERXWUHIOHFWLQJDQLPSURYHPHQWLQZDWHUEDUULHUSURSHUWLHV>@ 
,WKDVHDUOLHUEHHQVKRZQWKDWLQRUJDQLFRUJDQLFK\EULGSRO\PHUVEDVHGRQRUJDQRVLOLFDDUH
JRRGEDUULHUPDWHULDOV IRUZDWHUYDSRXU R[\JHQ DQG IODYRXUV >@+\EULG SRO\PHUV DUH RIWHQ
V\QWKHVL]HGE\VROJHOSURFHVVDQGFRDWHGRQILOPVRIFRQYHQWLRQDORUJDQLFSRO\PHUV+RZHYHU
WKHXVHRILQRUJDQLFRUJDQLFK\EULGSRO\PHUVWRFRDWQDWXUDOSRO\PHUPDWHULDOVOLNHSDSHUERDUG
KDV QRW EHHQ SUHYLRXVO\ WULHG 5HFHQWO\ WKHUH KDV EHHQ PXFK LQWHUHVW LQ LQRUJDQLFRUJDQLF
K\EULG PDWHULDOV EDVHG RQ VHYHUDO W\SHV RI SRO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQHV 3266
3266LVDVSHFLDOW\SHRIVLOLFDFRPSRXQGKDYLQJDFKHPLFDOIRUPXOD56L2QQLVVLOLFRQ
DWRPV Q   5 LV+RU RUJDQLF JURXSVZLWK DPROHFXODU VWUXFWXUH FRPSRVHGRI DQ
LQRUJDQLF FRUH FDJH DQGRUJDQLF JURXSV5SHULSKHUDOO\ DWWDFKHGDW HDFK6L DWRP >@ 3266
FRPSRXQGVKDYHEHHQVXFFHVVIXOO\DSSOLHGLQ WKHUPRSODVWLFV>@ WKHUPRVHWV >@DQG
FRDWLQJV>@
6ROYHQWEDVHG FRDWLQJ V\VWHPV DUH ZLGHO\ UHFRJQL]HG LQ WKH ILHOG RI FRDWLQJV EHFDXVH RI
WKHLURXWVWDQGLQJFKHPLFDODQGZHDUUHVLVWDQWSURSHUWLHVWRXJKQHVVDQGSHUIRUPDQFHSURSHUWLHV
7KLV W\SH RI FRDWLQJ FUHDWHV VPRRWK ILQLVKHV WKDW KDYH VXSHULRU DEUDVLRQ UHVLVWDQFH >@7KH
FRPELQDWLRQRIVROYHQWEDVHGFRDWLQJV\VWHPVZLWK3266LVIHDVLEOHEHFDXVH3266FRPSRXQGV
DUHFRPPRQO\V\QWKHVL]HGE\D VROJHOPHWKRG >@)XUWKHUPRUH WKHK\GURSKRELFLW\RI WKH
SHULSKHUDORUJDQLFJURXSVRIWKH3266FRPSRXQGPD\PDNHWKHFRDWHGPDWHULDOHTXDOO\ZDWHU
UHSHOOHQWDVWKH3266FRPSRXQG
89 FXULQJ LV D WHFKQRORJ\ RI LQVWDQW FXULQJ LQZKLFK XOWUDYLROHW 89 OLJKW LV DSSOLHG WR
UHVLQV VXFK DV FRDWLQJV DGKHVLYHV PDUNLQJ LQN DQG SKRWRUHVLVWV HWF LQ RUGHU WR FDXVH
SKRWRSRO\PHUL]DWLRQ UHDFWLRQ 89 FXULQJ FDQ DFKLHYH WKH FRDWLQJ IDVWHU XVXDOO\ WDNHV IHZ
VHFRQGV DQG WKHUHIRUH DW D ORZHU WRWDO FRVW WKDQ PDQ\ RWKHU FRDWLQJ SURFHVVHV 2WKHU
DGYDQWDJHV RI 89FXULQJ DUH VDYLQJ VSDFH UHGXFLQJ ZDVWH DQG ORZWHPSHUDWXUH WUHDWPHQW
)XUWKHUPRUH89 FXUH FRDWLQJV DUH FRQVLGHUHG HQYLURQPHQWDOO\ IULHQGO\ EHFDXVHPRVW RI WKH
VROYHQWVWKDWDUHQHFHVVDU\LQRWKHUFRDWLQJFKHPLVWULHVDQGSURFHVVHVDUHQRWQHHGHGLQ89FXUH
FRDWLQJV>@
,QWKLVZRUNZHXVHDK\GURSKRELF3266FRPSRXQGWRFRDWRQSDSHUERDUG2XU3266KDVD
PROHFXODU VWUXFWXUH FRPSRVHG RI DQ LQRUJDQLF VLOLFD FRUH DQG HLJKW HWK\O HUXFDPLGH JURXSV
SHULSKHUDOO\VXUURXQGLQJWKHFRUHFDJHZLWKDW\SLFDOVWUXFWXUHDVVKRZQLQ)LJ7KLV3266
FRPSRXQGLVDFWXDOO\DGHULYDWLYHRIXQVDWXUDWHGIDWW\DFLGHUXFLFDFLGZLWKELREDVHGFRQWHQW
RIDFFRUGLQJWR$670'7KHUHIRUHLWLVDUHQHZDEOHDQGELRGHJUDGDEOHPDWHULDO
DQG FDOOHG ELR3266 7KH GRXEOH ERQGV LQ WKH SHULSKHUDO RUJDQLF JURXSV RI ELR3266PD\
HQDEOH LWVFURVVOLQNE\H[SRVLQJXQGHU89OLJKW6XFKFURVVOLQNLQJIRUPDWLRQPD\OHDGWR WKH
LPSURYHGPHFKDQLFDOSURSHUWLHVRIELR3266>@:HDVVXPHWKDWLPSURYHGZDWHUDQGZDWHU
YDSRXUEDUULHU SURSHUWLHVRI WKHSDSHUERDUGZLOO EHREWDLQHGZKHQELR3266FRDWLQJ OD\HU LV
GULHGRU89FXUHG  
7KHREMHFWLYHRIWKLVZRUNZDVWRLQYHVWLJDWHWKHHIIHFWRIELR3266RQWKHZDWHUUHVLVWDQFH
DQGZDWHU YDSRXU EDUULHU SURSHUWLHV RI SDSHUERDUG%LR3266ZDV DSSOLHG RQ SDSHUERDUG E\
VROYHQWEDVHGFRDWLQJXVLQJDURGFRDWHU$IWHUWKDWWKHELR3266FRDWHGSDSHUERDUGZDVGULHG
DW R& LQ D FLUFXODWLRQ RYHQ RU H[SRVHG WR 89 OLJKW $WWHQXDWHG 7RWDO 5HIOHFWLRQ )RXULHU
7UDQVIRUP,QIUDUHG$75)7,5VSHFWURVFRS\ZDVDSSOLHGWRLQYHVWLJDWHWKHVXUIDFHFRYHUDJH
1XFOHDUPDJQHWLFUHVRQDQFH105VSHFWURVFRS\ZDVXVHGWRLGHQWLI\WKHYDULDWLRQLQWKHELR
3266FRDWLQJOD\HUGXULQJGU\LQJDQG89WUHDWPHQW7KHSHQHWUDWLRQRIWKHELR3266LQWRWKH
SDSHUERDUGZDVLQYHVWLJDWHGWREHWWHUXQGHUVWDQGWKHZDWHUSHQHWUDWLRQPHFKDQLVP
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2. Experimental 
2.1. Materials 
%LR3266ZDVV\QWKHVL]HGLQRXUODERUDWRU\E\DWZRVWHSSURFHGXUH>@,QWKHILUVWVWHS
HWK\ODPLQH VLODQH ZDV FRQYHUWHG WR HWK\ODPLQH 3266 E\ D VROJHO SURFHVV XVLQJ EXWR[\
HWKDQROVROYHQW,QWKHVHFRQGVWHSWKHRUJDQLFJURXSVRIHWK\ODPLQH3266ZHUHPRGLILHGE\D
IDWW\DFLGHUXFLFDFLG7KHVROYHQWZDVWKHUHDIWHUUHPRYHGE\YDFXXPGU\LQJ
6LQJOHFRDWHGWKUHHSO\SDSHUERDUGZDVVXSSOLHGE\.RUVQlV$%6ZHGHQ
2.1.1. Paperboard 
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Figure 1. 7\SLFDOVWUXFWXUHRIRFWDHWK\OHUXFDPLGHVLOVHVTXLR[DQHELR±3266 
7KHSDSHUERDUGKDV WZR VLGHVZLWK GLIIHUHQW FRORXU DQ XQFRDWHG VLGH EURZQ DQG D SUH
FRDWHG VLGH ZKLWH )LJ D E VKRZV D VFDQQLQJ HOHFWURQPLFURVFRS\ 6(0 LPDJH RI WKH
XQFRDWHGVLGHRIWKHSDSHUERDUGFLVWKHFURVVVHFWLRQRIWKHSDSHUERDUGZKLFKLOOXVWUDWHVIRXU
GLIIHUHQWOD\HUV
L WKHERWWRPOD\HULVXQEOHDFKHGNUDIWSXOSRIDSLQHDQGVSUXFHVRIWZRRGPL[
LL WKHPLGGOHOD\HULVXQEOHDFKHGNUDIWSXOSDQGFKHPLWKHUPRPHFKDQLFDOSXOS&703
LLL WKHGHQVHOD\HULVEOHDFKHGNUDIWSXOS
LY WKHWRSOD\HULVFRDWHGE\ZKLWHSLJPHQWVDQGELQGHUVWKHSUHFRDWHGVLGH
7KH XQFRDWHG VLGH RI SDSHUERDUG LV YHU\ URXJK FRQWDLQLQJ ODUJH ILEUHV 7KHUH DUHPDQ\
SLQKROHVDQGGHSUHVVLRQVRQWKHXQFRDWHGVLGHRIWKHSDSHUERDUG)XUWKHUPRUHSDSHUERDUGKDVD
SRURXVVWUXFWXUH7KHUHIRUHWKHDEVRUSWLRQRIZDWHUDQGPRLVWXUHLQWRSDSHUERDUGLVIDFLOLWDWHG
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Figure 2. D7ZRVLGHVRISDSHUERDUG[SUHFRDWHGVLGHDQG[[XQFRDWHGVLGH
E6(0LPDJHVRIXQFRDWHGVLGHRIWKHSDSHUERDUGF&URVVVHFWLRQ 
2.2. Sample Preparation and Characterization 
2.2.1. Preparation of Coating 
7KHFRDWLQJVROXWLRQFRQVLVWLQJRIELR3266GLVVROYHGLQWRWROXHQHZWVROLGFRQWHQW
ZDV SUHSDUHG E\ XVLQJ D PLFURZDYH V\QWKHVL]HU %LRWDJH ,QLWLDWRU  7KH SDSHUERDUG ZDV
PRXQWHG RQ D IODW VWHHO SODWH E\ IDVWHQLQJ WKH HGJHV RI SDSHUERDUG WR LQKLELW ZULQNOLQJ RI
SDSHUERDUG GXULQJ WKH FRDWLQJ SURFHVV 7KH FRDWLQJ VROXWLRQ ZDV FRDWHG RQ WKH SDSHUERDUG
VLQJOHGRXEOHDQGWULSOHFRDWHGXVLQJD74&%DNHUILOPDSSOLFDWRU9)PPLQZLGWK
ȝPLQJDS)LJXUHDLOOXVWUDWHVWKHSUHSDUDWLRQRIFRDWLQJ
7KHFRDWHGSDSHUERDUGVZHUHWKHQGULHGDWURRPWHPSHUDWXUHIRUKUVDQGDWR&IRURQH
KRXU LQD FLUFXODWLRQRYHQ 7HUPDNV DQG WUHDWHG IRU VHFRQGV LQD89OLJKW WUHDWLQJ
V\VWHP '\PD[ (& IRFXVHG EHDP SRZHU RXWSXW UDQJH : W\SLFDO LQLWLDO RXWSXW
LQWHQVLW\DW89$RIQPP:FP
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2.2.2. Fourier Transform Infrared Attenuated Total Reflection (ATR-FTIR) Spectroscopy   
)RXULHU WUDQVIRUP LQIUDUHG DWWHQXDWHG WRWDO UHIOHFWLRQ $75)7,5ZDV XVHG IRU DQDO\]LQJ
WKHWRSVXUIDFHRIFRDWHGSDSHUERDUGV7KHVDPSOHZDVSODFHGRQWRWKH8QLYHUVDOGLDPRQG$75
WRSSODWH'LDPRQG=Q6HDQGDSUHVVXUHZDVDSSOLHGWRWKHVDPSOHDUHD7KHVFDQUDQJHZDVLQ
WKHPHGLXPLQIUDUHGUHJLRQIURPWRFPDWDUHVROXWLRQRIFPDQGDVFDQQXPEHU
Figure 3. D 74&%DNHUILOPDSSOLFDWRUDQGIODWVWHHOSODWH
E6DPSOHSUHSDUDWLRQ$VFKHPDWLFGUDZLQJRIWKHVSHFLPHQWHVWIRUZDWHUSHUPHDELOLW\DQG
ZDWHUYDSRXUSHUPHDELOLW\
F6SHFLPHQDUUDQJHPHQWLQFOLPDWHFKDPEHULIRUZDWHUEDUULHUWHVWLLIRUZDWHUYDSRXU
EDUULHUWHVW 
3DSHUERDUG
:DWHU
Polyurethane adhesive 
b $OXPLQLXPFXS
KROH
(i) (ii) 
c 
a 
RI7KHUHVXOWDQWVSHFWUDZHUHUHSRUWHGDVWUDQVPLVVLRQ77KHDQDO\VHVZHUHFDUULHGRXW
RQDRQD3HUNLQ(OPHU)7,5GHYLFH6SHFWUXP2QHDWURRPWHPSHUDWXUH 
2.2.3. Optical Microscopy 
7KH VXUIDFH DQG FURVVVHFWLRQ RI ELR3266 FRDWHG SDSHUERDUGZDV REVHUYHG E\ XVLQJ DQ
RSWLFDOPLFURVFRSH/HLFD0DQGSKRWRVZHUHWDNHQE\DGLJLWDOPLFURVFRSHFRORXUFDPHUD
,PDJH/HLFD')&7KH WKLFNQHVVRI WKH3266 OD\HUZDVHVWLPDWHG IURP WKHFURVVVHFWLRQ
XVLQJWKH/HLFD$SSOLFDWLRQ6XLWH/$6VRIWZDUH
2.2.4. Pinholes  
7KH WRS VXUIDFH RI WKH FRDWHG OD\HUZDV H[DPLQHGXVLQJ DQ DTXHRXV LQGLFDWRU VROXWLRQRI
FU\VWDO YLROHW &+&O1  ZW  PO YLROHW VROXWLRQ ZDV VSUD\HG RQ WRS VXUIDFH RI WKH
FRDWHG SDSHUERDUG DQG WKHQ ZLSHG E\ D EORWWLQJSDSHU 7KH REWDLQHG VXUIDFH ZDV REVHUYHG
XVLQJDQRSWLFDOPLFURVFRSHDQGVXUIDFHLPDJHVZHUHWDNHQ
2.2.5. Water Barrier and Water Vapour Barrier Test 
:DWHUYDSRXUDQGZDWHUSHUPHDELOLW\RISDSHUERDUGZDVPRQLWRUHGE\XVLQJWKHFXSPHWKRG
>@7KHVSHFLPHQVIRUWZRWHVWVZHUHVLPLODU$QDOXPLQLXPFXSPPLQLQQHUGLDPHWHU
DQG  FP LQ GHSWKZLWK DQ H[SRVXUH FRDWLQJ DUHD RI PP ZDVPRXQWHG RQ WKH
FRDWHGSDSHUERDUGDQGVHDOHGE\SRO\XUHWKDQHDGKHVLYH$VPDOOKROHZDVFDUYHGLQWKHWRSRI
WKHFXSWRILOOGLVWLOOHGZDWHULQ$IWHUIXOO\ILOOLQJGLVWLOOHGZDWHULQWRWKHFXSDERXWJ
WKHKROHZDV WLJKWO\ VHDOHGE\SRO\XUHWKDQH DGKHVLYH)LJXUHEGHVFULEHV FOHDUO\ WKH VDPSOH
SUHSDUDWLRQ $W OHDVW WKUHH VSHFLPHQVZHUH SUHSDUHG IRU HDFK WHVW 7KH VSHFLPHQVZHUH WKHQ
SODFHG LQ D FOLPDWH FKDPEHU .%  )  OLWUHV 7HUPDNV $6 VHW DW  RI UHODWLYH
KXPLGLW\5+DQGR&$IDQZDVXVHGWRNHHSXQLIRUPFRQGLWLRQVIRUDOOWHVWVSHFLPHQV7KH
DUUDQJHPHQWRIVSHFLPHQVIRUHDFKWHVWLVLOOXVWUDWHGLQ)LJFLIRUWKHZDWHUEDUULHUWHVWWKH
ZDWHU VWD\V LQGLUHFWFRQWDFWZLWK WKHSDSHUERDUG LL IRU WKHZDWHUYDSRXUEDUULHU WHVW OLTXLG
ZDWHUVWD\ LQ WKHERWWRPRI WKH WUD\DQGRQO\ZDWHUYDSRXU LV LQFRQWDFWZLWK WKHSDSHUERDUG
7KHZHLJKWRIHDFKVSHFLPHQZDVPHDVXUHGDWKLQWHUYDOVIRUGD\V
$ UHIHUHQFH VDPSOHZDVPDGHE\ VXEVWLWXWLQJ WKHSDSHUERDUGE\XVLQJDERDUG IURPPLON
FDUWRQRI7LQD$61RUZD\ 
2.2.6. Calculation of Water and Water Vapour Transmission Rate  
 7KHZDWHUWUDQVPLVVLRQUDWHLVFDOFXODWHGDV
tAWWWTR    JPGD\(T
ZKHUH:DQG:DUHWKHZHLJKWVRIWKHVSHFLPHQVEHIRUHDQGDIWHUZDWHUSHUPHDELOLW\WHVWJ
GXULQJWKHWLPHSHULRGWGD\VDQG$LVWHVWDUHDP 
$FFRUGLQJ WR WKH $670 ((0 >@ FDOFXODWLRQ RI WKH :975 LV H[SUHVVHG DV
IROORZV
tAGWVTR  JPGD\(T
ZKHUH:975LV UDWHRIZDWHUYDSRXU WUDQVPLVVLRQ*LVZHLJKWFKDQJH LQJUDPVIRU WKH WLPH
SHULRGWGD\V$LVWHVWDUHDP
 7KHZDWHUYDSRXUSHUPHDELOLW\:93JPPGD\3DZDVFDOFXODWHGDV
 
 
  
WVTR L WVTR LWVP
p S R R
  ' (T>@
ZKHUH :975 LV WKH PHDVXUHG ZDWHU YDSRXU WUDQVPLVVLRQ UDWH JPGD\ WKURXJK WKH
SDSHUERDUG/LVWKHPHDQWKLFNQHVVPRIWKHSDSHUERDUGDQGǻSLVYDSRXUSUHVVXUHGLIIHUHQFH
DFURVV WZR VLGHV RI WKH SDSHUERDUG 6 LV VDWXUDWLRQ YDSRXU SUHVVXUH DW WHVW WHPSHUDWXUH DQG
FDOFXODWHG DV H[S   S T   ZKHUH 7 LV .HOYLQ WHPSHUDWXUH 5 DQG 5 LV
UHODWLYHKXPLGLW\LQVLGHDQGRXWVLGHWKHWHVWFXS>@
2.2.7. Proton Nuclear Magnetic Resonance (1H NMR) Spectroscopy  
3URWRQ QXFOHDU PDJQHWLF UHVRQDQFH + 105 VSHFWURVFRS\ ZDV SHUIRUPHG RQ DQ
LQVWUXPHQW %UXNHU $YDQFH ,,, VSHFWURPHWHU LQ VROLG VWDWH DQG KLJK UHVROXWLRQ OLTXLG VWDWH
FRQILJXUDWLRQLQFOXGLQJ8OWUD6KLHOG3OXV0+]:%PDJQHW7KHVSHFWURPHWHULVHTXLSSHG
ZLWKDWULSOHUHVRQDQFHPP&30$6SUREHKHDG+;<

3. Results and Discussion  
3.1. Bio-POSS Coated Layer 
$75)7,5LVDXVHIXOWHFKQLTXHIRUGHWHUPLQLQJWKHVXUIDFHFKDUDFWHULVWLFVRIPDWHULDOV,Q
RXUVWXG\WKHWRSVXUIDFHRIELR3266FRDWHGSDSHUERDUGZDVFKDUDFWHUL]HGE\WKH$75)7,5
7KH UHVXOW LV VKRZQ LQ )LJ  7KH PDLQ SHDNV RI SDSHUERDUG VXUIDFH VHH )LJ D WKH
DEVRUSWLRQSHDNV DW  FP LV DVVLJQHG WR K\GUR[\O 2+ VWUHWFKLQJ  DQG FP
&+VWUHWFKLQJDQGFPZDWHUDVVRFLDWHGZLWKFHOOXORVHDQGFP&±
2±& DV\PPHWULF VWUHWFKLQJ  DQG  FP &±2 VWUHWFKLQJ >@ 7KH LQWHQVLW\ RI2+
SHDNLVVWURQJUHIOHFWLQJDKLJKK\GURSKLOLFLW\RISDSHUERDUGVXUIDFH
7KHPDLQSHDNVRIELR3266DUH WKHDEVRUSWLRQSHDNVDWFPFPDQG
FP DUH DVVLJQHG WR WKH IUHH DQGK\GURJHQERQGHG1±+VWUHWFKLQJ 1±+«2 & WZREDQGV
DSSHDUDWFPDQGFPDUHDVVLJQHGWRDPLGH,FDUERQ\O& 2DQGDPLGH,,PL[HG
YLEUDWLRQ RI 1±+ EHQGLQJ DQG &±1 VWUHWFKLQJ UHVSHFWLYHO\ 7KH LQWHQVLW\ RI DPLGH , LV
VWURQJHUWKDQWKDWRIDPLGH,,7KHVPDOOVKRXOGHUEDQGDWFPLVDVFULEHGDVWKHIUHH& 2
VWUHWFKLQJYLEUDWLRQ$VPDOOSHDNDWFPLVDWWULEXWHGWRWKHGRXEOHERQG& &VWUHWFKLQJ
YLEUDWLRQEHFDXVH WKHDEVRUSWLRQSHDNRI WKHGRXEOHERQGQRUPDOO\DSSHDUVEHKLQG WKHDPLGH
EDQG 7ZR VWURQJ DQG EURDG EDQGV DW  FP DQG  FP H[KLELW 6L±2±6L VWUHWFKLQJ
YLEUDWLRQUHIOHFWLQJDFXELF6L2VWUXFWXUH7KHLQWHUSUHWDWLRQRIWKH$75)7,5VSHFWUXPRI
ELR3266ZDVFRQVXOWHGWKHVWXG\RI5DR>@,IFRPSDULQJ$75)7,5VSHFWUXPRIXQFRDWHG
SDSHUERDUG )LJ D DQGELR3266 FRDWHGRQH )LJ E LW FDQ HDVLO\ VHH WKDW WKH ELR3266
OD\HUFRPSOHWHO\FRYHUVWKHSDSHUVXUIDFH
3.2. Coating Layer Thickness  
$IWHU FRDWLQJ D ELR3266 OD\HU ZDV IRUPHG RQ WKH SDSHUERDUG 7KH LQKHUHQWO\ URXJK
VXUIDFHRIWKHSDSHUERDUGZDVFRYHUHGE\D\HOORZLVKOD\HUDVLOOXVWUDWHGLQ)LJDE7KH
WRSVXUIDFHRIWKHELR3266OD\HUZDVUHODWLYHO\VPRRWKDQGJORVV\7KHWKLFNQHVVRIWKHFRDWHG
SDSHUERDUGZDVLQFUHDVHGZLWKELR3266FRDWLQJ
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,Q RUGHU WR PHDVXUH WKH FRDWLQJ OD\HU WKLFNQHVV WKH FURVVVHFWLRQ RI ELR3266 FRDWHG
SDSHUERDUGZDVREVHUYHGXVLQJDQRSWLFDOPLFURVFRSHDQGUHVXOWHGLQ)LJFG,QWKHFURVV
VHFWLRQ RI WKH SDSHUERDUG )LJ F D SUHFRDWLQJ OD\HU ZKLWH FRORXU DQG D FHOOXORVLF OD\HU
\HOORZFRORXUFDQEHVHHQ7KHWRSVXUIDFHRIWKHFHOOXORVLFOD\HULVYHU\URXJKDQGFDXVHVD
ODUJHVWDQGDUGGHYLDWLRQRIWKHHVWLPDWHGWKLFNQHVV7DEOH7KHWKLFNQHVVRIELR3266VLQJOH
Figure 4.)7,5VSHFWUXPRIDXQFRDWHGSDSHUERDUGEELR3266FRDWHGSDSHUERDUG 
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FRDWHG SDSHUERDUG LV VOLJKWO\ VPDOOHU WKDQ WKDW RI WKH SDSHUERDUG ,W PD\ EH H[SODLQHG E\ D
FRPSUHVVLRQRI WKHSDSHUERDUGE\ WKH74&%DNHU ILOPDSSOLFDWRUGXULQJ WKHFRDWLQJSURFHVV
UHVXOWLQJ LQSHUPDQHQW FRPSUHVVLRQRI WKHSRURXV VWUXFWXUHRI WKHSDSHUERDUG7KHELR3266
FRDWLQJ OD\HUEURZQFRORXUFDQEHVHHQ LQ)LJG7KH URXJKQHVVRI WKH WRSFRDWHGVXUIDFH
ZDV SURJUHVVLYHO\ UHGXFHG DQG UHVXOWHG LQ UHGXFHG VWDQGDUG GHYLDWLRQV LQ WKH HVWLPDWHG
WKLFNQHVV ,Q IDFW ELR3266 FRDWLQJ GHFUHDVHG WKH VWDQGDUG GHYLDWLRQV RI WKH PHDVXUHG
WKLFNQHVV E\  7KLVPD\ EH GXH WR WKH IDFW WKDW WKH GHSUHVVLRQ DUHDV RQ WKH SDSHUERDUG
VXUIDFHDUHILOOHGZLWKFRDWLQJPDWHULDOUHVXOWLQJLQDVPRRWKHUVXUIDFH
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7KHHVWLPDWHGWKLFNQHVVRIWKHELR3266FRDWLQJOD\HUVDUHPVLQJOHFRDWLQJ
PGRXEOHFRDWLQJDQGPWULSOHFRDWLQJ7KHFRDWLQJOD\HUWKLFNQHVVZDVLQIOXHQFHG
E\ WKH VROLGV FRQWHQW RI WKH FRDWLQJ VROXWLRQ ,Q WKLV ZRUN WKH VROLGV FRQWHQW RI ELR3266
VROXWLRQZDV FRQVWDQWO\ NHSW DW ZW VR WKDW WKH WKLFNQHVV RI ELR3266 FRDWHG OD\HUZDV
UHODWLYHO\HTXDO
Figure 5.6XUIDFHRIDXQFRDWHGSDSHUERDUGDQGEELR3266VLQJOHFRDWHGSDSHUERDUG
&URVVVHFWLRQRIFXQFRDWHGSDSHUERDUGDQGGELR3266WULSOHFRDWHGSDSHUERDUG
L3UHFRDWLQJOD\HULL&HOOXORVLFOD\HULLL%LR3266FRDWLQJOD\HU 
a b 
c d 
i 
 
ii i 
 
ii iii 
Table 1.7KLFNQHVVRIELR3266FRDWHGSDSHUERDUG 
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
6DPSOH  7RWDO  ELR3266OD\HU
   ȝP  ȝP
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
3DSHUERDUGSE     
,FRDWHGSE    
,,FRDWHGSE     
,,,FRDWHGSE  
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
3.3. Pinholes Test 
3LQKROH LQFRPSOHWH FRYHUDJH LV D FRPPRQ GLVDGYDQWDJH IRU VROYHQW EDVHG FRDWLQJ
HVSHFLDOO\DWORZFRDWZHLJKW7KHSLQKROHVDUHXVXDOO\FUHDWHGE\WKHHVFDSLQJRIDQ\YRODWLOHV
VROYHQWDLURUPRLVWXUHZKLFKDUHHQWUDSSHGZLWKLQWKHFRDWHGOD\HUDIWHUWKHFRDWLQJSURFHVV
3LQKROHVH[WHQGHQWLUHO\WKURXJKWKHFRDWLQJOD\HUOHDGLQJWRDUHGXFWLRQLQVRPHSURSHUWLHVRI
WKH FRDWLQJ OD\HU VXFK DV JDV DQGZDWHU EDUULHU ,Q RXUZRUN DQ DTXHRXV VROXWLRQ RI FU\VWDO
YLROHWZDVXVHGWRTXDOLWDWLYHO\PHDVXUHWKHGHIHFWVDQGSLQKROHVRIWKHSDSHUERDUGDQGWKHWRS
FRDWHGOD\HU7KHUHVXOWLVVKRZQLQ)LJ
,WLVHDVLO\REVHUYHGWKDWYLROHWFRORXUHQWLUHO\FRYHUHGWKHXQFRDWHGDUHDRIWKHSDSHUERDUG
DIWHUWKHSLQKROHWHVWLPDJHX7KLVUHIOHFWVDK\GURSKLOLFQDWXUHDQGDSRURXVVWUXFWXUHRIWKH
SDSHUERDUG)XUWKHUPRUH WKHURXJKVXUIDFHRI WKHSDSHUERDUGLVDGYDQWDJHRXVIRUSHQHWUDWLRQ
RIDTXHRXVLQGLFDWRUVROXWLRQ7KHSLQKROHVZHUHGUDPDWLFDOO\GHFUHDVHGE\FRDWLQJELR3266
RQ WKH SDSHUERDUG VLQFH WKH QXPEHU RI YLROHW WUDFHV UHPDLQHG RQ WKH FRDWHG DUHD ZDV
UHPDUNDEO\UHGXFHGLPDJH,D,QWKLVFDVHWKHWKLQELR3266OD\HUGRHVQRWFRPSOHWHO\FRYHU
WKHSDSHUERDUG9LROHWWUDFHVZHUHIXUWKHUGHFUHDVHGZKHQWKHFRDWLQJOD\HUZDVGULHGDWKLJK
WHPSHUDWXUHLPDJH,ERUH[SRVHGWR89OLJKWLPDJH,F,WLVLQWHUHVWLQJWRUHFRJQLVHWKDWQR
SLQKROHVZHUHIRXQGLQWKHPXOWLSOHFRDWHGSDSHUERDUGVDPSOHV
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3.4. Water Permeability Test 
7KHZDWHUUHVLVWDQFHSURSHUW\ZDVLQYHVWLJDWHGWKURXJKWKHZDWHUSHUPHDELOLW\WHVWDQGWKH
UHVXOWLVVKRZQLQ)LJ/LQHDUUHJUHVVLRQDQDO\VLVZDVSHUIRUPHGWRHVWLPDWHWKHUDWHRIZDWHU
WUDQVPLVVLRQ :75 DQG ZDWHU YDSRXU WUDQVPLVVLRQ :975 WKURXJK WKH SDSHUERDUG 7KH
UHVXOWVDUHVKRZQLQ7DEOH
(I) 
(II) 
(III) 
(A (B) (C) 
u 
Figure 6. 6XUIDFHRIELR3266FRDWHGSDSHUERDUGDIWHUSLQKROHWHVWZLWKFU\VWDOYLROHWVROXWLRQ 
  ,%LR3266VLQJOHFRDWHG,,'RXEOHFRDWHG,,,7ULSOHFRDWHG
  $GULHGDWR&%GULHGDWR&&89WUHDWHGXXQFRDWHGSDSHUERDUG
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
$VFDQEHVHHQLQ)LJWKHWRWDODPRXQWRIZDWHULQVLGHWKHWHVWFXSRIUHIHUHQFHVDPSOHLV
XQFKDQJHGDIWHUGD\VLQGLFDWLQJDQH[FHOOHQWVHDODELOLW\RISRO\XUHWKDQHDGKHVLYHDVZHOODV
DJRRGZDWHUEDUULHURI WKH UHIHUHQFHVXEVWUDWH:KHUHDV WKHXQFRDWHGSDSHUERDUGKDVDKLJK
:75  JPGD\ 7KH :75 ZDV UHGXFHG ZKHQ D ELR3266 OD\HU ZDV DSSOLHG RQ WKH
SDSHUERDUG VXUIDFH$W WKH FRDWLQJ OD\HU WKLFNQHVV RI DERXW ȝP DQ LPSURYHPHQW LQ WKH
ZDWHU EDUULHU ZDV REWDLQHG :75 ZDV UHGXFHG WR  JPGD\ )XUWKHU LPSURYHPHQW ZDV
DFKLHYHG E\ GU\LQJ WKH FRDWHG VDPSOHV DW KLJK WHPSHUDWXUH:75  JPGD\+RZHYHU
89WUHDWPHQWRIWKHFRDWHGVDPSOHGLGQRWUHGXFHWKH:75JPGD\
:KHQ WKH FRDWLQJ WKLFNQHVVZDV LQFUHDVHG E\PXOWLSOH FRDWLQJ WKHZDWHU SHUPHDELOLW\ RI
FRDWHGSDSHUERDUGZDV VLJQLILFDQWO\ UHGXFHG DV WKHZDWHUSHUPHDELOLW\ FXUYHPRYHG WRZDUGV
WKHFXUYHVRIUHIHUHQFHVXEVWUDWH7KH:75GURSSHGIURPJPGD\VLQJOHFRDWLQJWR
JPGD\ GRXEOH FRDWLQJ DQG WR  JPGD\ WULSOH FRDWLQJ 7KH WKLFNHU WKH FRDWLQJ OD\HU
WKLFNQHVVWKHEHWWHUWKHZDWHUUHVLVWDQFHSURSHUW\
$V DIRUHPHQWLRQHG WKH SDSHUERDUG LV FRPSRVHG RI FHOOXORVLF ILEUHV DQG KDV D SRURXV
VWUXFWXUH:DWHU LV VROXEOH LQ WKHDPRUSKRXVSDUWVRI FHOOXORVH ILEUHV DQG WKHUHIRUHZLOOERWK
GLIIXVHWKURXJKWKHVROLGSKDVHFHOOXORVHDVZHOODVLQJDVSKDVHLQSRUHQHWZRUNUHVXOWLQJLQD
KLJK:75RIWKHSDSHUERDUG:KHQWKHSDSHUERDUGZDVFRDWHGZLWKELR3266ZDWHUWUDQVSRUW
ZDV REVWUXFWHG E\ WKH FRDWHG OD\HU +RZHYHU WKHUH DUH VWLOO D QXPEHU RI SRUHV RQ WKH WRS
Water permeability test
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Fig. 7.:DWHUSHUPHDELOLW\RIELR3266FRDWHGSDSHUERDUGD8QFRDWHGSDSHUERDUG
E5HIHUHQFHVDPSOHF6LQJOHFRDWHG,²G'RXEOHFRDWHG,,ņH7ULSOHFRDWHG,,,ŷ
 
VXUIDFH RI WKH VLQJOH FRDWHG OD\HU DV LQYHVWLJDWHG E\ WKH SLQKROH WHVW )XUWKHUPRUH DPLGH
JURXSVRIELR3266JLYHZDWHUFHUWDLQVROXELOLW\LQWKHFRDWLQJOD\HU7KHUHIRUHZDWHUWUDQVSRUW
FDQ WDNH SODFH E\ SRUH GLIIXVLRQ DQG GLIIXVLRQ RI GLVVROYHG ZDWHU LQ WKH VROLG SKDVH 7KH
HQKDQFHPHQW RIZDWHU UHVLVWDQFH SURSHUW\ZLWK LQFUHDVLQJ WKH FRDWLQJ OD\HU WKLFNQHVV UHIOHFWV
WKDWWKHUHDUHIHZHUSRUHVLQWKHFRDWLQJOD\HUDIWHUPXOWLSOHFRDWLQJ7KHVWDQGDUGGHYLDWLRQRI
WKH:75RIWKHSDSHUERDUGZDVYHU\KLJKGXHWRLWVSRURXVVWUXFWXUH,WLVUHGXFHGZKHQELR
3266ZDVFRDWHGRQWKHSDSHUERDUGSDUWLFXODUO\ZLWKPXOWLSOHFRDWLQJ$VWKHUHVXOWELR3266
OD\HUHIILFLHQWO\SUHYHQWHGZDWHUWUDQVSRUWDQGFRQWUROOHGWKH:75DWDVWHDG\VWDWH7KHHIIHFW
RIKHDWGU\LQJDQG89WUHDWPHQWRQ:75LVVLPLODUWRWKRVHLQVLQJOHFRDWLQJ
Table 2. :DWHU WUDQVPLVVLRQUDWH :75DQGZDWHUYDSRXU WUDQVPLVVLRQUDWH :975RIELR
3266FRDWHGSDSHUERDUG
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
6XEVWUDWH   :75JPGD\ :975JPGD\  
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
3DSHUERDUG    
Single coating (I²) 
,FRDWHG    
,GULHG   
,89WUHDWHG  
Double coating (IIņ) 
,,FRDWHG    
,,GULHG    
,,89WUHDWHG  
Triple coating (IIIŷ)  
,,,FRDWHG    
,,,GULHG    
,,,89WUHDWHG   
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
3.5. Water Vapour Permeability Test
:DWHUYDSRXUSHUPHDELOLW\:93RI WKHELR3266FRDWHGSDSHUERDUGLVVKRZQLQ)LJ
)URPWKHGLDJUDPWKHWRWDODPRXQWRIZDWHULQWKHUHIHUHQFHVDPSOHKDUGO\FKDQJHGGXULQJ
GD\V LQGLFDWLQJ DQ H[FHOOHQW ZDWHU YDSRXU EDUULHU SURSHUW\ RI WKH UHIHUHQFH VXEVWUDWH 7KH
SDSHUERDUGLWVHOIKDVDKLJK:975RIJPGD\7KLVKLJK:975LVFDXVHGE\DKLJKO\
SRURXVVWUXFWXUHRIWKHSDSHUERDUG,QWKHGLDJUDPWKH:93FXUYHRIWKHXQFRDWHGSDSHUERDUG
LVWKHVWHHSHVWFXUYH%LR3266FRDWLQJUHGXFHGWKH:93RIWKHSDSHUERDUGWRJPGD\IRU
D VLQJOH FRDWLQJ LQGLFDWLQJ D PRGHUDWH ZDWHU YDSRXU EDUULHU SURSHUW\ RI ELR3266 OD\HU
6LPLODUO\WRWKHZDWHUSHUPHDELOLW\GU\LQJWKHFRDWHGOD\HULPSURYHVWKHZDWHUYDSRXUEDUULHU
WR  JPGD\ +RZHYHU 89WUHDWPHQW RI WKH FRDWHG OD\HU KDUGO\ LQIOXHQFHG RQ WKHZDWHU
YDSRXUEDUULHUSURSHUWLHVRIWKHSDSHUERDUGFRPSDUHGWRXQWUHDWHGELR3266FRDWHGRQH









6LPLODUWRZDWHUEDUULHUWKHZDWHUYDSRXUEDUULHUSURSHUW\RIWKHSDSHUERDUGZDVHQKDQFHG
ZLWKPXOWLSOHFRDWLQJ7KXV WKH:93FXUYHVFRUUHVSRQGLQJZLWKHDFKFRDWLQJPRYH WRZDUGV
WKRVHRIWKHUHIHUHQFHVXEVWUDWH7KH:975RIGRXEOHFRDWHGDQGWULSOHFRDWHGVDPSOHVZDV
DQGJPGD\UHVSHFWLYHO\
7KH SRURXV VWUXFWXUH RI WKH XQFRDWHG SDSHUERDUG FDXVHV LWV ORZ ZDWHU YDSRXU EDUULHU
SURSHUW\DVKLJK:9757KHVWDQGDUGGHYLDWLRQRI:975RIWKHSDSHUERDUGZDVKLJKGXHWR
LWVLQKRPRJHQHRXVSRURXVVWUXFWXUH7KHVWDQGDUGGHYLDWLRQZDVGHFUHDVHGZKHQELR3266ZDV
FRDWHG RQ WKH SDSHUERDUG HVSHFLDOO\ E\ PXOWLSOH FRDWLQJ 7KH UHGXFWLRQ LQ WKH :975¶V
VWDQGDUGGHYLDWLRQLQGLFDWHVDPRUHKRPRJHQHRXVVWUXFWXUHRIWKHFRDWHGSDSHUERDUG
7KHZDWHUYDSRXUSHUPHDELOLW\:93WRWDORIELR3266FRDWHGSDSHUERDUGZDVFDOFXODWHGE\
XVLQJ HTXDWLRQ (T  :KHQ WKH SDSHUERDUG SE ZDV QRW FRDWHG WKH ZDWHU YDSRXU
SHUPHDELOLW\FRHIILFLHQWRIWKHSDSHUERDUG:93SEHTXDOV:93WRWDOJPPGD\3D
Water vapour permeability test
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Figure 8. :DWHUYDSRXUSHUPHDELOLW\RIELR3266FRDWHGSDSHUERDUG
D8QFRDWHGSDSHUERDUGE5HIHUHQFHVDPSOH
F6LQJOHFRDWHG,²G'RXEOHFRDWHG,,ņH7ULSOHFRDWHG,,,ŷ 
,Q WKLVZRUN WKHZDWHU YDSRXU EDUULHU SURSHUW\ RI WKH SDSHUERDUGZDV LPSURYHG E\ ELR
3266FRDWLQJ,QRUGHUWRGHWHUPLQHWKHZDWHUYDSRXUEDUULHUSURSHUW\RIHDFKFRDWLQJOD\HUWKH
HTXDWLRQRIJDVSHUPHDELOLW\RIPXOWLOD\HUHGILOPZLWKQOD\HUVZDVXVHG>@

n
total i
itotal i
l l
WVP WVP 
 ¦ (T
ZKHUHltotal LVWKHWRWDOWKLFNQHVVRIELR3266FRDWHGSDSHUERDUGliDQG WVPiDUHWKHWKLFNQHVV
DQG ZDWHU YDSRXU SHUPHDELOLW\ RI WKH FRDWLQJ OD\HU i UHVSHFWLYHO\ ,Q RXU ZRUN WKH FRDWHG
SDSHUERDUGFRQVLVWVRIWKHSDSHUERDUGVXEVWUDWHDQGELR3266FRDWHGOD\HU(TEHFRPHV
coat
coat
pb
pb
total
total
WVP
l
WVP
l
WVP
l  (T
7DEOHOLVWVWKHWKLFNQHVVDQG:93FRDWRIELR3266FRDWLQJOD\HUFDOFXODWHGE\(T
 )URP WKH UHVXOW LQ 7DEOH  LW FDQ EH VHHQ WKDW ELR3266 FRDWLQJ LV HIIHFWLYH LQ
LQFUHDVLQJ WKH ZDWHU YDSRXU EDUULHU SURSHUW\ RI WKH SDSHUERDUG 7KH:93FRDW ZDV GHFUHDVHG
ZLWKLQFUHDVLQJWKHFRDWLQJWKLFNQHVVLQGLFDWLQJWKDWPXOWLSOHFRDWLQJFORVHVPDFURVFRSLFSRUHV
DVZDVDOVRVHHQE\WKHSLQKROHWHVW
Table 3. :DWHUYDSRXUSHUPHDELOLW\RIELR3266FRDWHGSDSHUERDUG
  
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 /D\HU  :93WRWDO 7KLFNQHVVȝP   :93FRDW
   JȝPPGD\3D BBBBBBBBBBBBBBBBBBBBBBBB JȝPPGD\3D
     7RWDO SE FRDWLQJOD\HU
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
3DSHUERDUGSE        
%LR3266,        
%LR3266,,       
%LR3266,,,        
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
3.6. Effect of Post Treatment on The bio-POSS Coating Layer  
 7KHZDWHUUHVLVWDQFHDQGWKHZDWHUYDSRXUEDUULHUSURSHUWLHVRIWKHFRDWHGSDSHUERDUGZHUH
IXUWKHU HQKDQFHG ZKHQ ELR3266 FRDWHG SDSHUERDUG ZDV SRVWWUHDWHG E\ GU\LQJ DW KLJK
WHPSHUDWXUHRU89WUHDWPHQWDVVKRZQLQ7DEOH)LJDQG,WZDVWKHUHIRUHQHFHVVDU\WR
H[DPLQHWKHHIIHFWVRISRVWWUHDWPHQWRQWKHELR3266FRDWLQJOD\HU6ROLGVWDWHSURWRQQXFOHDU
PDJQHWLF UHVRQDQFH + 105 VSHFWURVFRS\ ZDV SHUIRUPHG RQ WKUHH ELR3266 WKLQ ILOPV
57 GULHG DW URRP WHPSHUDWXUH '5< GULHG DW R& DQG 89 WUHDWHG E\ 89 OLJKW
)LJXUHVKRZVWKHUHVXOWRIVROLGVWDWH+105
  
 
 
 
 
 
 
 
 $VFDQEHVHHQVROLGVWDWH+105VSHFWUDRIVDPSOHVVHHPLGHQWLFDOO\H[FHSWIRUWKH
VLJQDO DURXQG  SSP 7KHUH DUH WZR SHDNV  DQG  SSP DW WKLV VLJQDO 7KH VDPSOH
'5<& VKRZV VPDOOHVW SHDNVZKHUHDV WKH VDPSOH 57 DQG89 VKRZ ODUJHU RQHV 3HUKDSV
VXFKSHDNVPD\EHIURPVRPHOLTXLGUHVW
 )LJXUH  VKRZV + 105 VROLG VWDWH VSHFWUXP RI VDPSOH '5<& DQG VDPSOH
'5<&&'&O SRZGHURI'5<&ZDVVKDFNHGZLWK&'&ODQG WKHQ&'&OZDVTXLFNO\
UHPRYHG ,QWHUHVWLQJO\ WKH VLJQDO QHDU SSPGLVDSSHDUHG LQ WKH VROLG VWDWH VSHFWUXPRI WKH
VDPSOH'5<&&'&O,WVWURQJO\UHIOHFWVWKDWWKHSHDNVQHDUSSPDUHIURPWKHOLTXLGUHVW
7KHGLVDSSHDUDQFHRIVXFKSHDNZDVGXHWRWKHGLVVROXWLRQRIWKHOLTXLGUHVWLQWR&'&O+LJK
UHVROXWLRQOLTXLG+105LQ&'&OZDVDOVRFDUULHGRXWDQGWKHUHVXOWLVVKRZQLQ)LJ$V
FDQEHVHHQWKHVSHFWUDRIVDPSOHVORRNVLPLODUO\+RZHYHUWKHVLJQDOLQWKHUHJLRQ±
SSPRI WKHVDPSOH'5<&ZDVZHDNHVW7KLVVLJQDO LQFOXGHVPXOWLSOLFLW\SHDNVD WULSOHWDW
SSPDQGDTXDUWHWRIWULSOHWVLQWKHUHJLRQSSP6XFKPXOWLSOLFLW\SHDNVDUHIURP
EXWR[\HWKDQRO7KHOLTXLGUHVWLVWKHUHIRUHLGHQWLILHG
& &H 
'5<&
89
57
'LIIHUHQFH
Figure 9.6ROLGVWDWH+105VSHFWUXPRIELR3266OD\HU
57GU\DWURRPWHPSHUDWXUH'5<&GULHGDWR&8989WUHDWHG
 
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

 ,Q )LJXUH  WKH SHDN DW  SSPZDV DWWULEXWHG WR K\GURJHQ + DWWDFKHG WR GRXEOH
ERQG& &WKDWZDVVLPLODULQWKHVSHFWUDRIVDPSOHV,WLQGLFDWHVWKDWWKHGRXEOHERQGGLG
QRWDOWHUGXULQJKHDWGU\LQJDQG89WUHDWPHQWRIWKHELR3266FRDWLQJOD\HU7KHFURVVOLQNLQJ
UHDFWLRQEHWZHHQXQVDWXUDWHGRUJDQLFJURXSVRIELR3266GLGQRWRFFXU7KHUHLVQRWDQ\SHDN
'5<&
'5<&&'&O
Figure 10. &RPSDULQJ+105VROLGVWDWHVSHFWUXPRI'5<&DQG'5<&&'&O 
'5<&
89
57
Figure 11. +LJKUHVROXWLRQOLTXLG+105VSHFWUDLQ&'&ORIELR3266OD\HU
57GU\DWURRPWHPSHUDWXUH'5<GULHGDWR&8989WUHDWHG
LQWKHUHJLRQSSPIRUVSHFWUDUHIOHFWLQJWKDWQRWROXHQHUHPDLQVZLWKLQWKHFRDWLQJOD\HU
DIWHUWKHFRDWLQJSURFHVV
 &RQVHTXHQWO\WKHELR3266FRDWLQJOD\HUFRQWDLQVOHVVEXWR[\HWKDQROZKHQLWZDV
GULHGDWR&LQFRPSDULQJZLWKWKRVHGULHGDWURRPWHPSHUDWXUHDQGH[SRVHGWR89OLJKW7KH
GULHG ELR3266 FRDWLQJ OD\HU EHFDPH PRUH ULJLG DQG KDG D EHWWHU VWUXFWXUH WKHUHE\ IXUWKHU
LPSURYLQJWKHZDWHUUHVLVWDQFHDQGZDWHUYDSRXUEDUULHUSURSHUWLHVRIWKHSDSHUERDUG 
4. Conclusion 
 :DWHU UHVLVWDQFH DQG ZDWHU YDSRXU EDUULHU SURSHUWLHV RI WKH SDSHUERDUGV ZHUH
VXFFHVVIXOO\ LPSURYHG E\ ELR3266 FRDWLQJV 7KLV ZDV GXH WR WKH SRUHV DQG WKH GHSUHVVLRQ
DUHDV RI WKH FHOOXORVH VWUXFWXUH RI WKH SDSHUERDUG ZHUH ILOOHG ZLWK FRDWLQJ PDWHULDOV DV
H[DPLQHGE\WKHSLQKROHWHVW&RQVHTXHQWO\ELR3266OD\HUZDVIRUPHGRQWKHSDSHUERDUGDQG
REVWUXFWHG WKH ZDWHU WUDQVSRUW WKURXJK SRUH GLIIXVLRQ 7KH LQKHUHQW K\GURSKLOLF VXUIDFH RI
SDSHUERDUGZDVK\GURSKREL]HGDQGVRPHZKDWH[SRVXUHZDWHUUHSHOOHQW 7KHZDWHUUHVLVWDQFH
DQGZDWHUYDSRXUEDUULHUSURSHUWLHVFRXOGEHIXUWKHULPSURYHGE\KHDWGU\LQJEXW89WUHDWPHQW
KDG OLWWOH HIIHFW 7KLV ZDV GXH WR WKH LQIOXHQFH RI KLJK WHPSHUDWXUH RQ WKH VSUHDGLQJ DQG
SHQHWUDWLRQ RI ELR3266 LQWR GHSUHVVLRQV DUHDV RI WKH FHOOXORVH VWUXFWXUH RI WKH SDSHUERDUG
UHVXOWLQJ LQ D ODUJHU FRYHUDJH RI FRDWLQJPDWHULDO RQ WKH SDSHUERDUG VXUIDFH $ FURVVOLQNLQJ
UHDFWLRQEHWZHHQWKHGRXEOHERQGRIELR3266¶VRUJDQLFJURXSVFRXOGQRWEHIRXQGXVLQJVROLG
VWDWH +105 RI WKH 89WUHDWHG FRDWLQJ OD\HU 0XOWLSOH FRDWLQJ VLJQLILFDQWO\ HQKDQFHG WKH
ZDWHUDQGZDWHUYDSRXUEDUULHUSURSHUWLHVRIWKHSDSHUERDUG
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ABSTRACT  
0L[WXUHV RI IHUULF VWHDUDWH )H6W DQG >DPLQRXQGHFDQR\O DPLQR SURSDQH@
VLOVHVTXLR[DQH DPLQR3266 ZHUH LQWURGXFHG LQWR SRO\HWK\OHQH 3( 7KH 3(DPLQR3266
)H6W FRPSRXQGV ZHUH FRQYHUWHG WR WKLQ ILOP DQG H[SRVHG WR WKHUPDO DJHLQJ DW q& LQ D
FLUFXODWLRQ RYHQ &DUERQ\O JURXSV ZHUH IRUPHG RQ WKH ILOP VXUIDFHV DQG FKDUDFWHUL]HG DV
FDUERQ\OLQGH[&,E\$75)7,57KHUHVXOWLQGLFDWHGWKDW3(ZDVR[LGL]HGE\WKHSUHVHQFHRI
)H6W7KHPHOWIORZLQGH[0),WHVWVKRZHGWKDWWKHPHOWIORZVRIWKHFRPSRXQGVLQFUHDVHG
GXH WR DQ R[LGDWLRQ DQG D FKDLQ VFLVVLRQ 7HQVLOH WHVWLQJ RI WKH ILOP VDPSOHV VKRZHG QR
VLJQLILFDQWGHFUHDVH LQ WKH WHQVLOHVWUHQJWKDQGPRGHUDWHFKDQJHV LQHORQJDWLRQDWEUHDNZKHQ
FRPSDUHGWRUHIHUHQFHSRO\HWK\OHQHILOPVFRQWDLQLQJQR)H6W
7KH 3(DPLQR3266 )H6W FRPSRXQGV ZHUH FRPSUHVVLRQ PRXOGHG WR SDSHUERDUG 7KH
DGKHVLRQRIQRQDJHGILOPVWRSDSHUERDUGGHFUHDVHGZLWKLQFUHDVLQJDPLQR3266FRQWHQW7KLV
LVLQJRRGDJJUHPHQWZLWKDQHDUOLHUUHSRUWHGOXEULFDQWHIIHFWRIKLJKDPRXQWVRI3266LQ3(
7KHUPDODJHLQJRI3(DPLQR3266)H6WILOPVSULRUWRFRDWLQJKRZHYHUOHGWRDQLQFUHDVHLQ
WKHDGKHVLRQ$GKHVLRQZDVLQFUHDVHGE\ZKHQDILOPFRQWDLQLQJ3(ZWDPLQR
3266 DQG  ZW )H6W ZDV WKHUPDOO\ DJHG  GD\V SULRU WR FRPSUHVVLRQ PRXOGLQJ 7KH
SK\VLFDO LQWHUORFNLQJ DQG LQWHUDFWLRQEHWZHHQ& 2RI WKH FRPSRXQGV DQG2+RISDSHUERDUG
PD\H[SODLQWKHDGKHVLRQLPSURYHPHQW7KHILOPVZHUHQRWEULWWOHDIWHUWKHUPDODJHLQJZKLFK
PDNHWKHLUXVHLQLQGXVWULDOSDFNDJLQJIHDVLEOH


 
 
 
 
 
 
 
 
 
 
INTRODUCTION 
 3RO\HWK\OHQH 3( FRDWHG SDSHUERDUG KDV EHHQ ZLGHO\ DSSOLHG IRU SDFNDJLQJ IRRGV
EHYHUDJHV DQG SKDUPDFHXWLFDOV EHFDXVH RI LWV ORZ FRVW OLJKWZHLJKW QRQWR[LFLW\ H[FHOOHQW
ZDWHU EDUULHU JRRGPHFKDQLFDO SURSHUWLHV DQG SURFHVVDELOLW\ $GKHVLRQ VWUHQJWK EHWZHHQ 3(
DQG SDSHUERDUG LV DQ LPSRUWDQW SURSHUW\ RI WKLV SDFNDJLQJ PDWHULDO >@ 7KH DGKHVLRQ ZDV
LPSURYHG E\ LQWURGXFLQJ WKH SRODU JURXSV VXFK DV &2 DQG 2+ RQ WKH VXUIDFH RI 3( SULRU
ODPLQDWLQJZLWKSDSHUERDUG >@$SURR[LGDQWDGGLWLYH VXFKDV VWHDUDWH VDOWRI LURQFREDOW
DQG PDQJDQHVH PD\ EH DGGHG WR 3( WR LPSURYH LWV ELRGHJUDGDELOLW\ >@ 1RQVWHULFDOO\
KLQGHUHGDOLSKDWLFDPLQHVDUHNQRZQWRDFWDVGHFRPSRVHURIK\GURSHUR[LGHVZKLFKLVWKHUDWH
OLPLWLQJ VWHS LQ WKH R[LGDWLRQ RI SRO\HWK\OHQH $ FRPELQDWLRQ RI LURQ ,,, VWHDUDWH DQG
VWHDU\ODPLQKDVVKRZQFRQVLGHUDEO\IDVWHUGHJUDGDWLRQRISRO\SURS\OHQHWKDQLURQ,,,VWHDUDWH
DORQH$OLSKDWLFDPLQHVFDQWKHUHIRUHDFWDVDFFHOHUDWRUVLQFRPELQDWLRQZLWKSURR[LGDQWV>
@ 0DQ\ VWXGLHV KDYH UHSRUWHG WKDW WKH R[LGDWLRQ RI WKH 3( ILOPV FRQWDLQLQJ SURR[LGDQW
DGGLWLYH SUHYDOHQWO\ SURGXFHV FDUERQ\O & 2 RQ LWV VXUIDFH > @ 7KH SUHVHQFH RI
FDUERQ\OJURXSRQ3(ILOPVXUIDFHFDQ OHDG WRDQ LQFUHDVH LQ LWV VXUIDFHSRODULW\:KHQVXFK
ILOP LV ODPLQDWHG ZLWK SDSHUERDUG WKH DGKHVLRQ FDQ EH LPSURYHG GXH WR DQ LQFUHDVH LQ WKH
LQWHUIDFLDODWWUDFWLYHIRUFH>@ 
 3RO\KHGUDO ROLJRPHULF VLOVHVTXLR[DQH 3266 LV DQ LQRUJDQLFRUJDQLF K\EULG FRPSRXQG
ZLWKDJHQHUDOIRUPXOD56L2QZKHUH5LVDQRUJDQLFJURXSQLVQXPEHURIVLOLFRQDWRPVQ
 DQGDVSHFLDOPROHFXODUVWUXFWXUHZKLFKLVFRPSRVHGRIDQLQRUJDQLFFRUHFDJHDQG
WKH IXQFWLRQDO RUJDQLF JURXS VXUURXQGLQJ WKH FRUH FDJH 7KH RUJDQLF JURXSV DOORZ 3266
FRPSRXQGV WR EH HDVLO\ LQFRUSRUDWHG LQWRRUJDQLF SRO\PHUV >@ 3266KDV UHFHQWO\ EHHQ
XVHGLQWKHUPRSODVWLFVDQGLPSURYHVHYHUDOSURSHUWLHVRIWKHPDWHULDOV>@,QRXUSUHYLRXV
ZRUNVPDOODPRXQWVRIELR3266RFWDHWK\ORFWDGHFD10,13GLHQRDPLGHVLOVHVTXLR[DQHVZDV
DGGHG WR SRO\HWK\OHQH 3( DQG ODPLQDWHG ZLWK SDSHUERDUG 7KH DGKHVLRQ SURSHUW\ RI WKLV
SDFNDJLQJPDWHULDOZDVVXFFHVVIXOO\LPSURYHG>@'XHWRWKHJHQHUDODGYDQWDJHRIXVLQJSUR
R[LGDQW DGGLWLYHV ZH ZDQWHG WR LQYHVWLJDWH LI WKH LQFRUSRUDWLRQ RI SURR[LGDQW DGGLWLYH LQWR
32663(ILOPVFRXOGFUHDWHDQLPSURYHGVXUIDFHSRODULW\,IWKLVLVWKHFDVHLPSURYHGDGKHVLRQ
ZLOOEHDFKLHYHGZKHQWKHSODVWLFLVODPLQDWHGZLWKSDSHUERDUG
3266 FRPSRXQG >DPLQRXQGHFDQR\O DPLQR SURSDQH@ VLOVHVTXLR[DQH ZLWK D
W\SLFDOVWUXFWXUHVKRZQLQ)LJZDVXVHGLQWKLVZRUN7KLVFRPSRXQGZDVFRPSRVHGRIDQ
LQRUJDQLF VLOLFD FRUH DQG WKH IXQFWLRQDO JURXSZDV D GHULYDWLYH RI DPLQRXQGHFDQRLF DFLG
6XFK3266FRPSRXQGZDVFDOOHGDPLQR32667KHREMHFWLYHRIWKLVVWXG\LVWRLQFRUSRUDWHWKH
SURR[LGDQW DGGLWLYH IHUULF VWHDUDWH DQG DPLQR3266 LQWR 3( DQG H[DPLQH WKH HIIHFW RQ WKH
DGKHVLRQ VWUHQJWK RI 3( ILOPV WR SDSHUERDUG$PLQR3266 LV VXSSRVHG WR DFW DV DFFHOHUDWRU
WRJHWKHUZLWKWKHSURR[LGDQW
 
 
 
 
 
 
 
 
 
 
 
 
 
EXPERIMENTAL 
Materials 
 3RO\HWK\OHQH3(ZDVSURYLGHGIURP1RUPDWFK$61RUZD\ZLWKPHOWLQJSRLQWRIR&
DQGWKHPHOWIORZLQGH[0),RIJPLQR&NJ7KHSURR[LGDQWDGGLWLYHZDVD
PDVWHUEDWFKRIIHUULFVWHDUDWH)H6WLQSRO\HWK\OHQHZLWKDQLURQFRQWHQWRIZKLFKZDV
SURYLGHGE\1RU;,QGXVWU\$61RUZD\3DSHUERDUGZDVSURYLGHGE\.RUVQlV$%6ZHGHQ
POSS compound 
 7KH 3266 FRPSRXQG >DPLQRXQGHFDQR\O DPLQR SURSDQH@ VLOVHVTXLR[DQH RU
DPLQR3266ZDVSUHYLRXVO\V\QWKHVL]HGE\LQRXUODERUDWRU\E\DWZRVWHSSURFHGXUH>@,Q
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Fig. 1.7\SLFDOVWUXFWXUHRI>DPLQRXQGHFDQR\ODPLQRSURSDQH@VLOVHVTXLR[DQH
DPLQR3266
WKHILUVWVWHSDPLQRSURS\OWULHWKR[\VLODQHZDVFRQYHUWHGWRDPLQRIXQFWLRQDOL]HG3266E\D
VROJHOSURFHVV ,Q WKH VHFRQGVWHS WKHDPLQHJURXSVZHUH IXUWKHUPRGLILHGE\DQDPLQRDFLG
DPLQRXQGHFDQRLFDFLG
Paperboard  
7KHSDSHUERDUGKDVWZRVLGHVZLWKGLIIHUHQWFRORXU)LJDVKRZVDQXQFRDWHGVLGHEURZQ
DQGDSUHFRDWHGVLGHZKLWH)LJEVKRZVDVFDQQLQJHOHFWURQPLFURVFRS\6(0LPDJHRI
WKHXQFRDWHGVLGHRI WKHSDSHUERDUGDQG)LJF LV WKHFURVVVHFWLRQRI WKHSDSHUERDUGZKLFK
LOOXVWUDWHVIRXUGLIIHUHQWOD\HUV
L WKHERWWRPOD\HULVXQEOHDFKHGNUDIWSXOSRIDSLQHDQGVSUXFHVRIWZRRGPL[
LL WKHPLGGOHOD\HULVXQEOHDFKHGNUDIWSXOSDQGFKHPLWKHUPRPHFKDQLFDOSXOS&703
LLL WKHGHQVHOD\HULVEOHDFKHGNUDIWSXOS
LY WKHWRSOD\HULVFRDWHGE\ZKLWHSLJPHQWVDQGELQGHUVWKHSUHFRDWHGVLGH
7KH XQFRDWHG VLGH RI SDSHUERDUG LV YHU\ URXJK FRQWDLQLQJ ODUJH ILEUHV 7KHUH DUHPDQ\
SLQKROHV DQG GHSUHVVLRQV RQ WKH XQFRDWHG VLGH RI WKH SDSHUERDUG $V FDQ EH REVHUYHG WKH
XQFRDWHG VLGH RI SDSHUERDUG LV YHU\ URXJK FRQWDLQLQJ ODUJH ILEUHV7KH URXJK VXUIDFH RI WKH
XQFRDWHGVLGHRISDSHUERDUGLVDGYDQWDJHRXVIRUPHFKDQLFDODGKHVLRQRIWKHSRO\PHUFRDWLQJ
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Fig. 2.D7ZRVLGHVRISDSHUERDUG[SUHFRDWHGVLGHDQG[[XQFRDWHGVLGH
E6(0LPDJHVRIXQFRDWHGVLGHRIWKHSDSHUERDUGF&URVVVHFWLRQ
a 
î [[
Sample preparation 
Preparation of PE and PE/amino-POSS/FeSt3 film 
7KHSURR[LGDQWPDVWHUEDWFKRI3(FRQWDLQLQJZWRIIHUULFVWHDUDWH)H6WZDVFDOOHG
PDVWHUEDWFK$DQGXVHGDVUHFHLYHG
$PLQR3266ZDVGULHGDWR&WRIXOO\UHPRYHVROYHQWEXWR[\HWKDQRO0DVWHUEDWFK%
LQFOXGLQJ ZW3(SRZGHU DQGZWGULHG DPLQR3266ZDV SUHSDUHG LQ D WZLQ VFUHZ
FF PLFUR H[WUXGHU '60 0,', $IWHU WKDW WKH PL[WXUH RI 3( PDVWHUEDWFK $ DQG
PDVWHUEDWFK%ZDVEOHQGHGE\PHOWPL[LQJLQGLIIHUHQWUDWLRVVHH7DEOHLQZKLFKWKHFRQWHQW
RI )H6W ZDV FRQVWDQWO\ NHSW DW  ZW IRU DOO VDPSOHV 7KH H[WUXVLRQ WHPSHUDWXUH RI WZR
SURFHVVHV ZDV FRQVWDQWO\ NHSW DW R& IURP KRSSHU WR GLH VHFWLRQ RI PLFURH[WUXGHU WKH
RSHUDWLQJVFUHZVSHHGZDVFRQWUROOHGDWUSPPLQDQGWKHUHVLGHQW WLPHGLVWULEXWLRQSURILOH
ZDVPLQ7KHFRPSRXQGSURGXFWZDVFXWLQWRSHOOHWV
Table 1 
&RPSRVLWLRQVRI3(DPLQR3266)H6WFRPSRXQGV
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  
   3(SHOOHW PE$ PE%  &RPSRVLWLRQ
 6DPSOH BBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBB
 FRGH  ZW  ZW ZW 3( )H6W DPLQR3266
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
 3(        
        
        
        
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
7KLQ ILOPV RI 3( DQG WKH FRPSRXQGV ZHUH SUHSDUHG E\ FRPSUHVVLRQ PRXOGLQJ SXUH 3(
SRZGHU DQG 3(DPLQR3266)H6W SHOOHWV RQ D K\GUDXOLF FRPSUHVVRU )RQWLMQH 7+
UHVSHFWLYHO\7KHILOPWKLFNQHVVZDVPP7KHWHPSHUDWXUHRIERWKWKHWRSDQGERWWRPSODWHV
RIWKHK\GUDXOLFFRPSUHVVRUZDVR&WKHSUHVVXUHZDV03DDQGWKHSUHVVLQJWLPHZDV
PLQXWHV
Thermal ageing of the film 
7KH3(DPLQR3266)H6WILOPVZHUHWKHUPDOO\H[SRVHGDWR&IRURUGD\VLQDQDLU
FLUFXODWLRQRYHQ7HUPDNV
Coating the paperboard   
7KHILOPVDQGWKHDJHGILOPVZHUHFRDWHGRQSDSHUERDUGE\FRPSUHVVLRQPRXOGLQJFRDWLQJ
RQDK\GUDXOLFFRPSUHVVRU)RQWLMQH7+7KHFRDWLQJFRQGLWLRQVZHUHNHSWFRQVWDQWDWWKH
SUHVVXUH RI03D DQG WKH WHPSHUDWXUH RI WKH WRSERWWRPSODWHRI R&R&7KH FRDWLQJ
SURFHVVZDVFRPSOHWHDIWHUFRROLQJGRZQWZRSODWHVRIWKHFRPSUHVVRUWRWKHURRPWHPSHUDWXUH
E\RSHQLQJFROGZDWHUV\VWHP7KHFRDWLQJWLPHZDVPLQXWHV
Characterization 
ATR-FTIR and carbonyl index (C.I.)  
$WWHQXDWHG7RWDO5HIOHFWLRQ)XUULHU7UDQVIRUP,QIUDUHG$75)7,5ZDVSHUIRUPHGLQD
3HUNLQ(OPHU)7,5GHYLFH6SHFWUXP2QHDWURRPWHPSHUDWXUHLQWKHZDYHQXPEHUUDQJH
FPDWDUHVROXWLRQRIFPDQGVFDQQXPEHURI7KHUHVXOWVSHFWUXPZDVUHSRUWHGDV
DEVRUEDQFHXQLWDX
5HVXOWVIURP$75)7,5DQDO\VLVZHUHXVHGWRGHWHUPLQHWKHFDUERQ\OLQGH[&,&,LVD
PHDVXUHPHQWRIWKHDPRXQWRIFDUERQ\OFRPSRXQGVIRUPHGGXULQJWKHWKHUPDOR[LGDWLRQDQGLV
FDOFXODWHGDVWKHUDWLRRIWKHDEVRUEDQFH$RIFDUERQ\OSHDNLQWKHUHJLRQ±FPDQG
WKH&+VFLVVRULQJSHDNDWFP>@


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Adhesion measurement    
$7SHHOWHVWZDVSHUIRUPHGRQDWHQVLOHWHVWHU=ZLFK=WRGHWHUPLQHWKHDGKHVLRQ
RIRXUVDPSOHV$W OHDVW ILYHTW\SHVSHFLPHQVPPLQ OHQJWKDQGPPLQZLGWKZHUH
SUHSDUHG IRU HDFK VDPSOH E\ XVLQJ 7KZLQJ$OEHUW
V -'&PPLQ VDPSOH FXWWHU 7KH
SRO\PHUFRDWLQJZDVSHHOHGDWWKHVSHHGRIPPPLQDQGRYHUDOHQJWKRIPP
7KHDGKHVLRQYDOXHZDVGHWHUPLQHGDV DGKHVLRQ SHHOIRUFHZLGWK 1P(T
 7KH DGKHVLRQ VWUHQJWK RI WKH VDPSOH ZDV FDOFXODWHG DV WKH DYHUDJH RI ILYH DGKHVLRQ
YDOXHVIURPILYHGLIIHUHQWVSHFLPHQV
Melt flow index 
 7KHHIIHFWRIDPLQR3266FRQWHQWRQPHOWIORZRISRO\HWK\OHQH3(ZDVPRQLWRUHGE\
PHOWIORZLQGH[0),PHWKRGRQDPHOWIORZDSSDUDWXV'DYHQSRUW7KHPDWHULDOVZHUH
IXOO\ ORDGHG LQWRDF\OLQGHURI WKH0),GHYLFHDQG WKHQPHOWHGDW WHPSHUDWXUHRIR&3UH
KHDWLQJWLPHDQGH[WUXGDWHWLPHZHUHVHWDWDQGPLQXWHV0),ZDVH[SUHVVHGDVWKHPDVVRI
WKH PDWHULDO SHU  PLQXWHV H[WUXGHG WKURXJK WKH GLH RI  PP LQ GLDPHWHU DQG PP LQ
OHQJWKXQGHUWKHVWDQGDUGZHLJKWRINJ 
Time
ight trudate weAverage exMFI  JPLQ(T
Mechanical properties 
7KHPHFKDQLFDOSURSHUWLHVRIWKHILOPZHUHGHWHUPLQHGE\WHQVLOHWHVWLQJDFFRUGLQJWR,62
 RQ WKH GHYLFH =ZLFK= 7HVW VSHFLPHQV ZHUH FXW IURP WKH ILOP ZLWK ³GXPEEHOO´
VKDSH$WOHDVWVSHFLPHQVRIHDFKILOPZHUHSUHSDUHGIRUWHQVLOHWHVWLQJ7KHWHVWZDVUXQDW
WKHVSHHGRIPPPLQDQGURRPWHPSHUDWXUH
RESULTS AND DISCUSSION  
ATR-FTIR studies  
PE/amino-POSS/FeSt3 
7KH$75)7,5LVDXVHIXO WHFKQLTXHIRUFKDUDFWHUL]LQJ WKHVXUIDFHRI WKHPDWHULDO ,Q WKLV
ZRUN WKH $75)7,5 DQDO\VHV ZHUH SHUIRUPHG RQ SXUH PDWHULDOV 3( DPLQR3266 DQG
)H6W3(PDVWHUEDWFK3(DPLQR3266)H6WFRPSRXQGVDQG WKH UHVXOW DUH VKRZQ LQ)LJ
7KHVWXG\RI5DRZDVXVHGIRUWKHLQWHUSUHWDWLRQRIRXU$75)7,5VSHFWUD>@ 
7KHPDLQSHDNVRI3(DUHFPDQGFP&+VWUHWFKLQJFPDQG
FP &+ EHQGLQJ  FP &+ URFNLQJ 7KH PDLQ SHDNV RI DPLQR3266 DUH WKH
DEVRUSWLRQ SHDNV DW  FP DQG  FP DUH DVVLJQHG WR WKH K\GURJHQERQGHG 1±+
VWUHWFKLQJ1±+«2 &WZREDQGVDSSHDUDWFPDQGFPDUHDVVLJQHGWRDPLGH,
FDUERQ\O & 2 DQG DPLGH ,, PL[HG YLEUDWLRQ LQYROYLQJ 1±+ LQSODQH EHQGLQJ DQG &±1
VWUHWFKLQJUHVSHFWLYHO\1RUPDOO\WKHLQWHQVLW\RIDPLGH,LVVWURQJHUWKDQWKDWRIDPLGH,,$
EDQG DW  FP LV DPLGH ,,, PL[HG YLEUDWLRQ RI&±1 VWUHWFKLQJ DQG1+ EHQGLQJ 7ZR
VWURQJ DQG EURDG EDQGV DW  FP DQG  FP H[KLELW 6L±2±6L VWUHWFKLQJ RI WKH FXELF
6L2VWUXFWXUH7KHVSHFWUXPRIPDVWHUEDWFK)H6W3(VKRZVWZRVWURQJSHDNVQHDUDQG
 FP &+ VWUHWFKLQJ D VWURQJ DQG VKDUS SHDN DW  FP FDUERQ\O & 2 RI HVWHU
JURXS  FP &+ EHQGLQJ  FP VWUHWFKLQJ YLEUDWLRQ RI&±2 JURXS 7KH EDQG
FKDUDFWHULVWLFWRWKHV\PPHWULFVWUHWFKLQJYLEUDWLRQRIWKHJURXS&22DSSHDUVDWFP7KH
EDQG IURP  FP FDQ EH DVVLJQHG WR WKH&±&22YLEUDWLRQV 7KH LQWHUSUHWDWLRQ RI$75
)7,5 VSHFWUXP RI )H6W3( LV VLPLODU WR WKDW LQ RWKHU VWXGLHV FRQFHUQLQJ WKH VSHFWUXP RI
FDUER[\ODWHJURXS>@
$VFDQEHREVHUYHGLQ)LJ WKHPDLQFKDUDFWHULVWLFVRI3(DPLQR3266DQG)H6WZHUH
LQWURGXFHGLQWRWKHVSHFWUDRIWKHFRPSRXQGVDQG
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Thermal ageing  
 7KH WKHUPDOO\DJHGILOPVZHUHFKDUDFWHUL]HGE\$75)7,5DQG WKH UHVXOW LV VKRZQ LQ
)LJ$OO VSHFWUDRI WKHDJHG ILOPH[KLELW WKHDEVRUSWLRQEDQG LQ WKH UHJLRQ±FP
ZKLFK LV DVVLJQHG WR FDUERQ\O & 2 JURXSV DV GHWHUPLQHG E\ WKH RYHUODSSLQJ EDQGV
FRUUHVSRQGLQJWRHVWHUFPNHWRQHDQGFP7KHVHEDQGVDUHHYLGHQFHIRU
WKHIRUPDWLRQRIGLIIHUHQWR[LGL]HGSURGXFWVVLPLODUWRWKRVHIRXQGLQRWKHUVWXGLHVLQYROYLQJWKH
R[LGDWLRQ RI 3( > @ ,I FRPSDULQJ WKH LQWHQVLW\ RI FDUERQ\O SHDN RI WKH ILOP DIWHU
WKHUPDODJHLQJWRWKDWEHIRUHDJHLQJDVUHIHUHQFHSHDNDQLQFUHDVHZLWKLQFUHDVLQJWKHDJHLQJ
WLPHFDQEHVHHQ
7KHR[LGDWLRQOHYHORI3(DPLQR3266)H6WFDQEHHYDOXDWHGE\WKHFDUERQ\OLQGH[&,
)LJVKRZVWKH&,RI3(DQG3(DPLQR3266)H6WILOPEHIRUHDQGDIWHUWKHUPDODJHLQJ,Q
JHQHUDOWKH&,LVLQFUHDVHGZLWKLQFUHDVLQJWKHDJHLQJWLPH7KHLQFUHDVHLQ&,RIWKHSXUH3(
ILOPZDVQHJOLJLEOH7KH&,RIWKHILOPFRQWDLQLQJSURR[LGDQWZDVKLJKHUWKDQWKDWRIWKH3(
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Fig. 3. )7,5VSHFWUDRI3(DPLQR3266)H6WFRPSRXQGV
ILOPHPSKDVL]LQJWKHGHJUDGLQJHIIHFWRI)H6W,QIDFW WKHUHZDVVOLJKWLQFUHDVHLQWKH&,RI
WKHDJHGILOPZKHUHDVWKH&,RIWKHILOPZDVVXEVWDQWLDOO\LQFUHDVHGZLWK
LQFUHDVLQJ WKH DJHLQJ WLPH ,W VWURQJO\ UHIOHFWV WKDW WKH R[LGDWLRQ OHYHO RI WKH FRPSRXQGZDV
OLPLWHGZKHQDPLQR3266FRQWHQWLVLQFUHDVHG
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Fig. 4. $75)7,5VSHFWUDRIWKHFRPSRXQGVEHIRUHDQGDIWHUWKHUPDODJHLQJ
Fig. 5. &DUERQ\OLQGH[&,RI3(DQG3(DPLQR3266)H6WILOP
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Melt flow index (MFI) 
 7KHPHOWIORZLQGH[LVDQLQYHUVHPHDVXUHRIWKHPHOWYLVFRVLW\7KHKLJKHUD0),WKH
PRUHHDVLO\WKHSRO\PHUIORZVXQGHUWKHWHVWFRQGLWLRQV.QRZLQJWKH0),RIDFHUWDLQSRO\PHU
LV YLWDO IRU FRQWUROOLQJ LWV SURFHVVLQJ >@ 7KH PHOW IORZ SURSHUWLHV RI RXU 3(DPLQR
3266)H6WFRPSRXQGVZHUHGHWHUPLQHGE\0),WHVWLQJDQGDUHVKRZQLQ)LJ
1HDW3( VKRZHGDGHFUHDVH LQ WKH0), DIWHU WKHUPDO DJHLQJ ,W VXJJHVWV WKDW VRPHFURVV
OLQNLQJKDYHIRUPHGE\R[LGDWLYHGHJUDGDWLRQRI3(GXULQJWKHUPDODJHLQJ>@7KH0),RI
WKH 3(DPLQR3266)H6W FRPSRXQGV ZHUH GHFUHDVHG ZLWK LQFUHDVLQJ DPLQR3266 FRQWHQW
+RZHYHU DIWHU WKHUPDO DJHLQJ LQ DLU FLUFXODWLRQRYHQ WKH0),RI WKH FRPSRXQGV FRQWDLQLQJ
SURR[LGDQWDGGLWLYHZHUHLQFUHDVHGZLWKLQFUHDVLQJWKHDJHLQJWLPH,QIDFWWKHLQFUHDVHLQWKH
0),RIWKHFRPSRXQGVZDVQHJOLJLEOHDIWHUGD\VEXWZDVFRQVLGHUDEOHDIWHUGD\VRIDLURYHQ
DJHLQJ7KHFRPSRXQGDIWHUEHLQJWKHUPDOO\DJHGIRUGD\VH[KLELWHGWKHKLJKHVW0),
YDOXH ,W LQGLFDWHV WKDW WKH SUHVHQFH RI SURR[LGDQW OHDGV WR D FKDLQ VFLVVLRQ RI 3( GXULQJ
WKHUPDO DJHLQJ DQG WKXV FDXVH DQ LQFUHDVH LQ WKH PHOW LQGLFHV >@ 7KH 0), RI WKH DJHG
FRPSRXQGVZHUH DOVR GHFUHDVHGZLWK LQFUHDVLQJ DPLQR3266 FRQWHQW$V GHWHUPLQHG DERYH
WKH&,RIWKHVDPSOHZDVPXFKKLJKHUWKDQWKDWRIDQG,WLQGLFDWHVWKDWWKH
3(FKDLQVFLVVLRQPLJKWEHKLQGHUHGE\LQFUHDVLQJDPLQR3266FRQWHQW
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Mechanical properties 
7KH PHFKDQLFDO SURSHUWLHV RI 3( DQG 3(DPLQR3266)H6W ILOPV ZHUH GHWHUPLQHG E\
WHQVLOHWHVWLQJ)LJLOOXVWUDWHVWKHHIIHFWRIWKHUPDOH[SRVXUHRQWKHWHQVLOH\LHOGVWUHQJWKı<
Fig. 6. 0HOWIORZLQGH[RI3(DQG3(DPLQR3266)H6WFRPSRXQGVDIWHUWKHUPDODJHLQJ
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Thermal ageing time
DQGHORQJDWLRQDWEUHDNİ%RI ILOPV UHVSHFWLYHO\ ,WFDQEHUHFRJQL]HGWKDWı<RI3(DPLQR
3266)H6WILOPVZHUHVOLJKWO\GHFUHDVHGZLWKLQFUHDVLQJDPLQR3266FRQWHQW)LJDZKLOH
İ%ZDVPRGHUDWHO\GHFUHDVHG)LJE7KHGHFUHDVHLQı<DQGİ%PLJKWEHGXHWRWKHSUHVHQFHRI
DPLQR3266DJJUHJDWHVZLWKLQWKH3(DPLQR3266)H6WFRPSRXQGV>@
:KHQ WKH ILOPVZHUH WKHUPDOO\DJHG WKHLUPHFKDQLFDOSURSHUWLHVZHUHGHFUHDVHGZLWK WKH
DJHLQJ WLPH 7KH WHQVLOH VWUHQJWK RI 3( DQG 3(DPLQR3266)H6W ILOPV ZDV PRGHUDWHO\
GHFUHDVHGDIWHUGD\VWKHUPDODJHLQJEXWKDUGO\FKDQJHGDIWHUZDUGV7KHHORQJDWLRQDWEUHDN
RISXUH3(ILOPGURSSHGWRDQGIURPDQLQLWLDOILJXUHRIDIWHUDQGGD\VRI
WKHUPDODJHLQJUHVSHFWLYHO\+RZHYHUWKHHIIHFWRIWKHUPDOH[SRVXUHRQWKHİ%RIWKHILOPVZDV
VPDOOİ%RIDOOWKHDJHGILOPVZDVPRUHWKDQDIWHUWKHUPDODJHLQJ
$V LGHQWLILHG DERYH WKHUPDO DJHLQJ RI 3(DPLQR3266)H6W ILOPV OHG WR D IRUPDWLRQ RI
FDUERQ\OJURXSV ,QFUHDVLQJWKHDJHLQJ WLPHSURGXFHGDQ LQFUHDVH LQ WKH LQWHQVLW\RIFDUERQ\O
SHDNDVGHWHUPLQHGE\WKH&,,WLQGLFDWHVWKDWWKHSRO\PHUFKDLQVZHUHFOHDYHGWRJLYHDULVHLQ
FDUERQ\OJURXSV'XHWRWKHFOHDYDJHRISRO\PHULFFKDLQVDOVRİ%GHFUHDVHGDVWKHDJHLQJWLPH
ZDV LQFUHDVHG 7KH HORQJDWLRQ DW EUHDN ZDV WKH PRVW VXLWDEOH SDUDPHWHU WR TXDQWLI\ WKH
GHJUDGDWLRQ7KH UHVXOW RIPHFKDQLFDO SURSHUWLHV GHPRQVWUDWHV WKDW WKH ILOPZDVGHJUDGHGE\
WKHUPDOR[LGDWLRQ
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Fig. 7.(IIHFWRIWKHUPDODJHLQJRQWKHWHQVLOH\LHOGVWUHQJWKDDQGHORQJDWLRQDWEUHDN
ERI3(DPLQR3266)H6WILOPV
7KHLQFRUSRUDWLRQRIDPLQR3266LQWRWKHFRPSRXQGVOHGWRDODUJHUUHGXFWLRQRQı<DQGİ%
RIWKHILOPV)LJE)XUWKHUPRUHWKHSUHVHQFHRIDPLQR3266UHGXFHGWKHR[LGDWLRQOHYHORI
WKHFRPSRXQGVDVWKH&,UHGXFHGZKHQLQFUHDVLQJDPLQR3266FRQWHQWLQWKHFRPSRXQGV)LJ
,WUHIOHFWVWKDWDPLQR3266KDVDQLQIOXHQFHRQWKHHIIHFWLYHQHVVRIWKHSURR[LGDQW)H6W
Adhesion 
$GKHVLRQVRI3(DQG3(DPLQR3266)H6WFRPSRXQGV WRSDSHUERDUGDUH VXPPDUL]HG LQ
)LJ$VFDQEHVHHQWKHDGKHVLRQZDVGHFUHDVHGZLWKLQFUHDVLQJDPLQR3266FRQWHQW6XFK
SKHQRPHQRQ LV UHODWLYHO\ VLPLODU WR WKH UHGXFWLRQ LQ WKH DGKHVLRQ RI 3(ELR3266 RFWDHWK\O
RFWDGHFDPLGH VLOVHVTXLR[DQH EOHQGV WR SDSHUERDUG ZKHQ LQFUHDVLQJ ELR3266 FRQWHQW DV
UHSRUWHG LQRXUSUHYLRXVZRUN ,WVWURQJO\UHIOHFWVD OXEULFDQWHIIHFWRI3266FRPSRXQG>@
7KH VWDQGDUGGHYLDWLRQ RI WKH DGKHVLRQ WHVW LV UHODWLYHO\ VPDOO IRU DOO RXU VDPSOHV EHORZ
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:KHQWKHILOPZDVWKHUPDOO\WUHDWHGLQDFLUFXODWLRQRYHQLWVDGKHVLRQWRSDSHUERDUGZDV
DOWHUHG7KHDGKHVLRQVWUHQJWKRIWKHDJHG3(WRWKHSDSHUERDUGZDVGHFUHDVHG,WZDVSUREDEO\
GXHWRDUHGXFWLRQLQWKHPHOWIORZSURSHUW\RIWKHDJHG3(DVGHWHUPLQHGE\WKH0),WHVWLQJ
:KHUHDVZKHQ3(DPLQR3266)H6WFRPSRXQGVZHUHWKHUPDOO\WUHDWHGSULRUWRFRDWLQJWKH
DGKHVLRQWRWKHSDSHUERDUGLQFUHDVHGZLWKLQFUHDVLQJWKHDJHLQJWLPH5HPDUNDEO\WKHDGKHVLRQ
ZDV LPSURYHG DSSUR[  E\ WKHUPDO WUHDWLQJ WKH FRPSRXQG  EHIRUH FRDWLQJ RQ
Fig. 8.$GKHVLRQVWUHQJWKRI3(DPLQR3266)H6WEOHQGVWRSDSHUERDUG
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SDSHUERDUG 7KH 0), WHVW VKRZV WKDW WKH IORZDELOLW\ RI WKH FRPSRXQGV LQFUHDVHG ZLWK
LQFUHDVLQJ WKHDJHLQJ WLPH ,Q WKLVFDVHSK\VLFDO LQWHUORFNLQJFRXOGFDXVHDQHQKDQFHPHQW LQ
WKHDGKHVLRQRIWKHFRPSRXQGVWRSDSHUERDUG
$V LGHQWLILHG E\ $75)7,5 WKHUH ZDV FDUERQ\O JURXS IRUPHG RQ WKH VXUIDFH RI WKH
3(DPLQR3266)H6WILOPV:KHQ3(DPLQR3266)H6WILOPVZDVFRDWHGRQSDSHUERDUGWKH
LQWHUDFWLRQEHWZHHQ& 2JURXSV DQGK\GUR[\O JURXS 2+RI WKH SDSHUERDUG FRXOG RFFXU WR
IRUPK\GURJHQ ERQG DW WKH LQWHUIDFH ,Q RXU SUHYLRXVZRUN WKH IRUPDWLRQ RI VXFK LQWHUIDFLDO
K\GURJHQERQGLQJLQWHUDFWLRQZDVFRQILUPHGE\$75)7,5DQDO\VLVRIWKHIUDFWXUHVXUIDFHRI
WKHSRO\PHUFRQWDLQLQJOD\HUDQGWKHSDSHUERDUGVXUIDFH7KHLQWHQVLW\RIDPLGH,,,SHDNZDV
DOWHUHG DQG & 2 SHDN LQWHQVLW\ ZDV ZHDNHQHG DIWHU LQWHUDFWLRQ >@ 7KH IRUPDWLRQ RI
LQWHUIDFLDO K\GURJHQ ERQGLQJ LQWHUDFWLRQ FDQ OHDG WR DQ HQKDQFHPHQW LQ WKH DGKHVLRQ RI
3(DPLQR3266)H6WILOPVWRSDSHUERDUG
CONCLUSIONS 
7KHSURR[LGDQWDGGLWLYHIHUULFVWHDUDWHDQGDPLQR3266ZHUHLQWURGXFHGLQWR3(E\XVLQJ
D PHOW PL[LQJ PHWKRG  7KH HIIHFW RQ WKH DGKHVLRQ VWUHQJWK RI WKH UHVXOWLQJ 3( ILOPV WR
SDSHUERDUGKDVEHHQH[DPLQHG$PLQR3266LVVXSSRVHGWRDFWDVDFFHOHUDWRUWRJHWKHUZLWKWKH
SURR[LGDQW 7KH R[LGDWLYH GHJUDGDWLRQ DQG PHOW IORZ SURSHUWLHV RI WKH 3( ZHUH REYLRXVO\
DIIHFWHG 6PDOO DPRXQWV RI DPLQR3266 UHVXOWHG LQ D IDVW LQFUHDVH RI WKH FDUERQ\O LQGH[
VKRZLQJDIDVWR[LGDWLRQ,QFUHDVLQJDPLQR3266FRQWHQWGLGQRWDFFHOHUDWHEXWGHDFFHOHUDWH
WKHR[LGDWLRQ7KLVEHKDYLRXUVKRZVWKDWWKHDPRXQWRIDPLQH3266KDVWREHORZDQGVKRXOG
EHRSWLPL]HGLQRUGHUPDNHDIDVWR[LGDWLRQIHDVLEOH7KHPHFKDQLFDOSURSHUWLHVWHQVLOH\LHOG
VWUHQJWKDQGHORQJDWLRQDWEUHDNRI3(DPLQR3266)H6W ILOPVGHFUHDVHGEXW WKHILOPVVWLOO
UHPDLQHG IOH[LEOH:KHQ 3(DPLQR3266)H6W ILOPVZHUH FRPSUHVVLRQPRXOGLQJ FRDWHG RQ
SDSHUERDUG WKH DGKHVLRQ VWUHQJWK GHFUHDVHG ZLWK LQFUHDVLQJ DPLQR3266 FRQWHQW 7KH
DGKHVLRQZDVKRZHYHU LQFUHDVHGZKHQ VXFK ILOPVZHUH WUHDWHG DWR&SULRU WR FRDWLQJ7KH
DGKHVLRQLPSURYHPHQWZDVSUREDEO\GXHWRWKHLQWHUDFWLRQEHWZHHQ2+JURXSVRISDSHUERDUG
DQG & 2 JURXSV RI 3(DPLQR3266)H6W FRPSRXQGV 7KH SK\VLFDO LQWHUORFNLQJ GXH WR
UHGXFHGPHOWYLVFRVLW\FRXOGEHFRQVLGHUHGDVDUHDVRQIRUDGKHVLRQLPSURYHPHQW3URFHVVLQJ
RIFRDWHGSDSHUERDUGLQVWDWHRIWKHDUWSDFNDJLQJPDFKLQHVVKRXOGEHIHDVLEOH
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